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Composition and Methods of RNAi Therapeutics for Treatment of 
Cancer and Other Neovascularization Diseases 

This application claims priority to US application, 60/670,717, filed April 
5 12, 2005, the contents of which are hereby incorporated by reference in their 

entirety. This application also relates to the following application, the contents of 
which are also incorporated by reference in their entireties: PCT/US03/24587, 
Methods Of Down Regulating Target Gene Expression In Vivo By Introduction 
Of Interfering RNA; PCT/US2005/003857, RNAi Therapeutics for Treatment of 
10 Eye Neovascularization Diseases; PCT/US2005/003858, Compositions and 
Methods for Combination RNAi Therapeutics. 

Field of the Invention 

The invention provides compositions and methods for treatments of 
15 diseases with unwanted neovascularization (NV), often an abnormal or excessive 
proliferation and growth of blood vessels. The development of NV itself often 
times has adverse consequences or it can be an early pathological step in disease. 
Despite introduction of new therapeutic antagonists of angiogenesis, including 
antagonists of the VEGF pathway, treatment options for controlling NV are 
20 inadequate and a large and growing unmet clinical need remains for effective 
treatments of NV, either to inhibit disease progression or to reverse unwanted 
angiogenesis. Since NV also can be a normal biological process, inhibition of 
unwanted NV is preferably accomplished with selectivity for a pathological tissue, 
which preferably requires selective delivery of therapeutic molecules to the 
25 pathological tissue. 

The present invention overcomes this hurdle by providing treatments to 
control NV through selective inhibition of pro-angiogenic biochemical pathways, 
including inhibition of VEGF pathway gene expression and inhibition localized at 
pathological NV tissues. The present invention provides compositions and 
30 methods for using a tissue targeted nanoparticle composition comprising polymer 
conjugates and further comprising nucleic acid molecules that induce RNA 
interference (RNAi). The present invention provides compositions and methods 
for inhibition of individual genes or combinations of genes active in NV and more 
preferably in the VEGF pathway. The dsRNA nanoparticle compositions of the 
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invention can be used alone or in combination with other therapeutic agents, 
including targeted therapeutics, including VEGF pathway antagonists, such as 
monoclonal antibodies and small molecule inhibitors, and targeted therapeutics 
inhibiting EGF and its receptor or PDGF and its receptors or MEK or Bcr-Abl, 
5 and immunotherapy and chemotherapy. The present invention also provides 

compositions and methods for the treatment of NV disease in a subject, including 
cancer, ocular disease, arthritis, and inflammatory diseases. 



Background of the Invention 

10 Recent US FDA approved therapeutic agents, including Avastin,and 

Macugen, provide some benefit for NV diseases. Some of these agents act by 
binding to and inhibiting the action of Vascular Endothelial Growth Factor 
(VEGF), but these agents are not effective for many patients. Other agents being 
evaluated in clinical studies show signs that they may provide some benefit by 

15 binding to and inhibiting the action of the receptors for VEGF, or "down stream" 
proteins used by these receptors for signal transduction. The picture that has 
emerged is that means to control this VEGF "pathway" can provide a level of 
control of NV that provides benefit for some patients. In addition, studies of a 
series of small molecule kinase inhibitors found that a inhibitor called sunitinib 

20 that has activity against multiple kinase proteins, VEGF receptor, PDGF receptor, 
FLT3, and Kit, offers better clinical benefit for NV diseases. However, these 
benefits are still inadequate for most patients and better therapeutic means to 
control the VEGF pathway still are needed. The agents developed to date are 
mostly antagonists of VEGF or its receptors, VEGF Rl and VEGF R2. One 

25 problem that has emerged with use of antagonists appears to be a response by the 
pathological tissues to increase production of VEGF. Thus an attractive means to 
improve therapeutic control of NV is to inhibit production of the VEGF pathway 
proteins, i.e. down regulate their gene expression, and doing so by inducing RNA 
interference through in vivo delivery of small interfering dsRNA oligonucleotides 

30 (siRNA). 

RNA interference (RNAi) is a post-transcriptional process where a double 
stranded RNA inhibits gene expression in a sequence specific fashion. The RNAi 
process occurs in at least two steps: During one step, a long dsRNA is cleaved by 
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an endogenous ribonuclease into shorter, 21- or 23-nucleotide-long dsRNAs. In 
another second step, the smaller dsRNA mediates the degradation of an mRNA 
molecule with a matching sequence and as a result selectively down regulating 
expression of that gene. This RNAi effect can be achieved by introduction of 
5 either longer double-stranded RNA (dsKNA) or shorter small interfering RNA 
(siRNA) to the target sequence within cells. Recently, it was demonstrated that 
RNAi can also be achieved by introducing of plasmid that generate dsRNA 
complementary to target gene. 

RNAi methods have been successfully used in gene function 

10 determination experiments in Drosophila (20> 22 ' 23 ' 25) , C. elegans 04 ' 15 ' 16) , and 
Zebrafish (20) ,. In those model organisms, it has been reported that both the 
chemically synthesized shorter siRNA or in vitro transcribed longer dsRNA can 
effectively inhibit target gene expression. Methods have been reported that 
successfully achieved RNAi effects in non human mammalian and human cell 

15 cultures (39 " 56) . However, RNAi effects have been difficult to observe in adult 
animal models (57) . This is for several reasons including : introduction of a long 
double-stranded RNA into mammalian cells can trigger an antiviral immune 
response including up-regulation of interferon, resulting in apoptosis and death of 
the cells that can be either detrimental or beneficial to the desired therapeutic 

20 effect: the efficiency of dsRNA entry into the target cell is low, especially in 
animals; short dsRNA molecules are rapidly excreted from the blood into the 
urine; and RNA molecules can be degraded by RNAse nuclease activity. 
Although RNAi has potential applications in both gene target validation and 
nucleic acid therapeutics, progress of the technology has been hindered due to the 

25 poor delivery of RNAi molecules into animal disease models. 

It is apparent, therefore, that improved methods for delivering RNAi 
molecules in vivo are of great importance. It is also apparent that tissue targeted 
delivery of nucleic acid molecules inducing RNAi are of great importance. It is 
also apparent that methods for delivering nucleic acid molecules inducing RNAi 

30 selective for VEGF pathway genes will be of great benefit for the treatment of NV 
diseases. These needs are addressed by the compositions and methods of the 
invention. 



3 



WO 2006/110813 PCT7US2006/013645 
Summary of the Invention 

It is therefore an object of present invention to utilize RNAi to modulate 
angiogenesis process in order to reverse the disease process by down regulating 
gene expression involved in NV pathogenesis, more specifically genes in the 
5 VEGF pathway. 

It is therefore an object of the invention to provide compositions and 
methods for inhibiting expression of one or more VEGF pathway genes in a 
mammal. It is a further object of the invention to provide compositions and 
methods for treating NV disease by inhibiting expression of one or more VEGF 

10 pathway genes alone or in combination with other agents including antagonists of 
the same VEGF pathway. 

In achieving these objects there has been provided a compositions and 
method for down regulating endogenous VEGF pathway genes, comprising 
administering to a tissue of the mammal a composition comprising a double- 

15 stranded RNA molecule where the RNA molecule specifically reduces or inhibits 
expression of the endogenous VEGF pathway gene. This down regulation of an 
endogenous gene may be used for treating a disease that is caused or exacerbated 
by activity of the VEGF pathway. The disease may be in a human. 

There also has been provided a method for treating a disease in a mammal 

20 associated with undesirable expression of a VEGF pathway gene, comprising 

applying a nucleic acid composition comprising a dsRNA oligonucleotide, as the 
active pharmaceutical ingredient (API), associated with a formulation, wherein 
the formulation can comprise a polymer, where the nucleic acid composition is 
capable of reducing expression of the VEGF pathway genes and inhibiting NV in 

25 the disease. The disease may be cancer or a precancerous growth and the tissue 
may be, for example, a kidney tissue, breast tissue, colon tissue, a prostate tissue, 
a lung tissue or an ovarian tissue. 

As used herein, "oligonucleotides" and similar terms based on this relate 
to short oligos composed of naturally occurring nucleotides as well as to oligos 

30 composed of synthetic or modified nucleotides. Oligonucleotides may be 10 or 
more nucleotides in length, or 15, or 16, or 17, or 18, or 19, or 20 or more 
nucleotides in length, or 21, or 22, or 23, or 24 or more nucleotides in length, or 
25, or 26, or 27, or 28 or 29, or 30 or more nucleotides in length, 35 or more, 40 
or more, 45 or more, up to about 50, nucleotides in length. 
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An oligonucleotide that is an siRNA may have any number of nucleotides 
between 15 and 30 nucleotides. In many embodiments an siRNA may have any 
number of nucleotides between 19 and 27 nucleotides. 

In many embodiments, an siRNA may have two blunt ends, or two sticky 
5 ends, or one blunt end with one sticky end. The over hang nucleotides of a sticky 
end can range from one to four nucleotides or more. 

In a preferred embodiment, the invention provides siRNA of 25 base pairs 
with blunt ends. 

The terms "polynucleotide" and "oligonucleotide" are used synonymously 

10 herein. 

The composition may further comprise a polymeric carrier. The 
polymeric carrier may comprise a cationic polymer that binds to the RNA 
molecule and form nanoparticles. The cationic polymer may be an amino acid 
copolymer, containing, for example, histidine and lysine residues. The polymer 

15 may comprise a branched polymer. The composition may comprise a targeted 
synthetic vector. The synthetic vector may comprise a cationic polymer as a 
nucleic acid carrier, a hydrophilic polymer as a steric protective material, and a 
targeting ligand as a target cell selective agent. The polymer may comprise a 
polyethyleneimine or a polyhistidine-lysine copolymer or a polylysine modified 

20 chemically or other effective polycationic carriers that can be used as the nucleic 
acid carrier module, the hydrophilic polymer may comprise a polyethylene glycol 
or a polyacetal or a polyoxazoline, and the targeting ligand may comprise a 
peptide comprising an RGD sequence or a sugar or a sugar analogue or an mAb or 
a fragment of an mAb, or any other effective targeting moieties. 

25 In any of these methods, an electric field may be applied to a tissue 

substantially contemporaneously with the composition or subsequent to 
application of the composition. The composition and method of the invention 
comprises dsRNA oligonucleotides with a sequence matching an endogenous 
VEGF pathway gene or a mutated endogenous gene, and at least one mutation in 

30 the mutated gene may be in a coding or regulatory region of the gene. In any of 
these methods, the endogenous gene may be selected from the group consisting of 
VEGF pathway genes including growth factor genes, protein serine/threonine 
kinase genes, protein tyrosine kinase genes, protein serine/threonine phosphatase 
genes, protein tyrosine phosphatase genes, receptor genes, and transcription factor 
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genes. The selected gene may include one or more genes from the group 
consisting of VEGF, VEGF-R1, VEGF-R2, VEGF-R3, VEGF121, VEGF165, 
VEGF 189, VEGF206, RAF-a, RAF-c, AKT, Ras, NF-Kb., The selected gene 
may include one or more genes from other biochemical pathways associated with 
5 NV including HIF, EGF, EGFr, bFGF, bFGFr, PDGF, and PDGFr. The selected 
gene may include one or more genes from other biochemical pathways operative 
in concert with NV including Her-2, c-Met, c-Myc and HGF. 

The present invention also provides compositions and methods for nucleic 
acid agents inducing RNAi to inhibit multiple genes including cocktails of siRNA 

10 (siRNA-OC). The compositions and methods of the invention may inhibit 
multiple genes substantially contemporaneously or they may inhibit multiple 
genes sequentially. In a preferred embodiment siRNA-OC agents inhibit three 
VEGF pathway genes: VEGF, VEGF receptor 1, and VEGF receptor 2. In 
another preferred embodiment siRNA-OC are administered substantially 

15 contemporaneously. The present invention provides agents with gene inhibition 
selectivity derived from matching the sequence of the siRNA largely to a 
sequence in the targeted gene mRNA. It also provides siRNA agents with 
substantially similar physiochemical properties that inhibit different genes in the 
VEGF pathway. It also provides nanoparticle compositions largely independent 

20 of the siRNA sequence. It also provides methods for treatment of human diseases, 
especially NV related diseases, which can be treated with inhibitors of multiple 
endogenous genes. It also provides methods for treatment of human diseases by 
combinations of therapeutic agents administered substantially contemporaneously 
in some cases and, in other cases, sequentially. 

25 One aspect of the present invention provides compositions and methods 

for treatment of cancer, arthritis, blindness, infectious diseases and inflammatory 
diseases. In another aspect of the present invention nucleic acid agents inducing 
RNAi are used in concert with other therapeutic agents, such as but not limited to 
small molecules and monoclonal antibodies (mAb), in the same therapeutic 

30 regimen. 



Other objects, features and advantages of the present invention will 
become apparent from the following detailed description. It should be understood, 
however, that the detailed description and the specific examples, while indicating 
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preferred embodiments of the invention, are given by way of illustration only, 
since various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from this detailed 
description. 

5 Brief Description of the Drawings 

Figure. 1 shows the inhibition of DLD-1 colon xenograft tumor growth 
by VEGF pathway siRNA nanoparticle compositions targeted by an RGD peptide 
ligand alone or in combination with Avastin treatment. Stronger anti-tumor 
efficacy has been observed using a combination cancer therapeutics with 
10 VEGFR2-siRNA inhibitor and Avastin (Bevacizumab) in the same treatment 
regimen, in a human colon carcinoma (DLD-1) xenograft tumor model. 

Figure 2. VEGFR2-siRNA nanoparticle targeting neovasculature through 
systemic delivery demonstrated potent efficacy in colon carcinoma xenograft 
mouse model (DLD-1 tumor) after four repeated administrations every three days. 
1 5 RT-PCR results illustrate the knockdown of VEGFR2 gene expression at mRNA 
level. 

Figure 3. Human VEGFR2-siRNA nanoparticle targeting neovasculature 
through systemic delivery demonstrated potent efficacy in colon carcinoma 
xenograft mouse model (DLD-1 tumor) after four repeated administrations every 
20 three days. Immunohistochemistry images show down regulation of VEGFR2 
and CD3 1 expression in the tumor tissue. 

Figure 4. While human VEGFR2-siRNA nanoparticle targeting 
neovasculature through systemic delivery demonstrated potent efficacy in colon 
carcinoma xenograft mouse model (DLD-1 tumor), no significant IFN-cc 
25 induction observed in the mouse blood stream 24 hours after the 2nd delivery. 

Figure 5. Human VEGF-siRNA (19 base pair with 3'end overhangs) is 
effective for silencing hVEGF expression in vitro and in vivo, at both mRNA 
level and protein level, evaluated by RT-PCR and ELISA. Two upper figures 
demonstrated significant hVEGF knockdown at both mRNA and protein levels. 
30 The lower panel shows the anti-tumor activity of siRNA-mediated hVEGF 
knockdown in a MCF-7/VEGF165 cell induced xenograft model, where the 
hVEGF expression was significantly down regulated in the tumor tissue. 

Figure 6. Human VEGF-siRNA (19 base pair with 3'end overhangs) is 
effective for silencing hVEGF expression in vivo resulting in tumor growth 
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inhibition (HNSCC 1483 cell). Five times repeated intratumoral delivery with 
electroporation enhancement with 7 day interval. 

Figure 7. Human VEGF-siRNA (25 basepair blunt end) is more effective 
for silencing hVEGF expression in vitro and stronger than the 19 base pair siRNA. 
5 Figure 8. Human VEGF-siRNA (25 basepair blunt end) is effective for 

silencing hVEGF expression in vitro and has longer duration than that of the 19 
basepair siRNA. 

Figure 9. Human VEGFR1 -siRNA (25 base pair blunt end) is effective for 
silencing hVEGFRl expression in vitro after 48 hr. 
10 Figure 10. Human VEGFR1 -siRNA (25 base pair blunt end) is effective 

for silencing hVEGFRl expression in vitro after 72 hr. 

Figure 11. Human VEGFR2-siRNA (25 base pair blunt end) is effective 
for silencing hVEGFR2 expression in vitro at two different time points. 

Figure 12. Human VEGF-siRNA (25 base pair blunt end) is effective for 
15 silencing hVEGF expression in vivo resulting in tumor growth inhibition, with a 
MDA-MB-435 breast carcinoma cell line. 

Figure 13. Concept framework for using siRNA cocktail targeting VEGF, 
VEGFR1 and VEGFR2 in the same treatment to block the angiogenesis pathway. 

Figure 14. VEGF siRNA mediated inhibition of VEGF expression in 
20 ocular tissues of a murine model of HSK. 

Figure 15. VEGF pathway siRNA mediated inhibition of VEGF pathway 
genes individually or in combination in ocular tissues of a murine model of HSK. 

Figure 16. siRNA cocktail targeting VEGF, VEGFR1 and VEGFR2 is 
more effective than any single siRNA targeting individual gene at the same 
25 dosage tested in the HSV induced ocular angiogenesis mouse model, with either 
local (left) or systemic (right) deliveries. 

Figure 17. Comparison of angiogensis inhibition achieved by local and 
systemic administration of VEGF pathway siRNA cocktail in ocular tissues of a 
murine model of HSK. 
30 Figure 18. Pharmacodynamic effects of VEGF pathway siRNA cocktail 

mediated inhibition of pathology in ocular tissues of a murine model of HSK. 

Figure 19. Inhibition of angiogenesis by administration of VEGF pathway 
siRNA cocktail on day 17 or day 14 after induction of disease in ocular tissues of 
a murine model of retinal angiogenesis in a perfusion/flatmount measurement. 



WO 2006/110813 PCT7US2006/013645 

Figure 20. siRNA cocktail targeting VEGF, VEGFR1 and VEGFR2 
demonstrates very effective anti-angiogenesis activity in the retinopathy of 
prematural (ROP) mouse model induced by Hypoxia. 

Figure 21. siRNA cocktail targeting VEGF, VEGFR1 and VEGFR2 
5 demonstrates very effective anti-angiogenesis activity in the retinopathy of 
prematural (ROP) mouse model induced by Hypoxia. 

Figure 22. siRNA cocktail targeting VEGF, VEGFR1 and VEGFR2 
inhibits ocular angiogenesis significantly with different routes of administration 
with different carriers. IP delivery was mediated by a ligand-directed nanoparticle 
10 Figure 23, Self-assembled nanoparticle for siRNA delivery. When the 

pre-made RGD-PEG-PEI conjugate aqueous solution is mixed with the siRNA 
aqueous solution, the nanoparticles will be self-assambled as described. The 
nanoparticles are relatively even in size, from 50 nm to 100 nm. 

Figure 24. siRNA nanoparticle targeting neovasculature demonstrated 
15 tumor targeting property using labeled siRNA pay load (left) and plasmid payload 
expressing Luciferase reporter gene (right). 

Figure 25. VEGFR2 -siRNA nanoparticle targeting neovasculature 
demonstrated potent efficacy in neuroblastoma syngenic mouse model (N2A 
tumor) after four repeated administrations every three days. 
20 Figure 26. VEGFR2-siRNA nanoparticle targeting neovasculature 

demonstrated potent efficacy in renal carcinoma xenograft mouse model (786-0 
tumor) after five repeated administrations every three days. 

Figure 27. VEGFR2-siRNA nanoparticle targeting neovasculature 
demonstrated potent efficacy in colon carcinoma xenograft mouse model (DLD-1 
25 tumor) after four repeated administrations every three days. Three different 
dosages were used in the study. 

Figure 28. VEGFR2-siRNA nanoparticle targeting neovasculature 
demonstrated potent efficacy in colon carcinoma xenograft mouse model (DLD-1 
tumor) after four repeated administrations every three days. Four mg per kilo of 
30 VEGFR2 dosing resulted in the same anti-tumor efficacy as 5 mg per kilo. 

Figure 29. Manufacturing flow chart for production of an RGD-polymer 
conjugate and a nanoparticle-siRNA preparation starting from raw materials of a 
homobifunctional activated PEG, an RGD-2C peptide, a polyamine containing 
agent, and a mixture of dsRNA. 

9 
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Figure 30. The use of a static mixer to manufacture a nanoparticle-siRMA 
preparation starting from two solutions, a polymer solution comprising polymer 
conjugates and an siRNA solution comprising three dsRNA agents. 

Detailed Description 

5 The present invention provides compositions and methods for treatment of 

NV diseases, which typically are characterized by attributes of multiple proteins 
and abnormally over-expressed disease-causing genes and mutiple malfunctions 
of disease-causing proteins. The present invention provides nucleic acid agents, 
such as siRNA oligonucleotides, that activate RNA interference (RNAi) and are 

10 highly selective inhibitors of gene expression with a sequence specific manner. 
The present invention provides inhibition of NV by modulation of protein activity 
including reduction of protein expression levels and post transcriptional 
modification of proteins. 

In cancer, the tumorigenesis process is thought to be the result of abnormal 

15 over-expression of oncogenes, angiogenesis factors, growth factors, and mutant 
tumor suppressors, even though under-expression of other proteins also plays a 
critical role. Increasing evidences supports the notion that siRNA molecules are 
able to "knockdown" tumorigenic genes both in vitro and in vivo, resulting in 
significant antitumor effects. The compositions and methods of the present 

20 invention demonstrate substantial knockdown of human VEGF in MCF-7 cells, 
MDA-MB-435 cells and 1483 cell-induced xenograft tumor models, achieving 
tumor growth inhibition of 40-80%, using intratumoral delivery of siRNA 
specifically targeting human VEGF pathway gene sequences. It is appreciated 
that inhibition of VEGF pathway gene expression induces anti-angiogenesis 

25 effects that alter the microvasculature in tumors and that activate tumor cell 
apoptosis and can enhance efficacy of cytotoxic chemotherapeutic drugs. 
However, to achieve significantly improved antitumor efficacy of anti- 
angiogenesis agents and chemotherapeutic drugs, a highly effective delivery 
method is necessary so that elevated concentrations of the drugs accumulate in the 

30 local tumor tissue, and in many instances through a systemic administration. 

The present inventors have described a method of validating drug targets 
that determines which targets control disease pathways and therefore justify drug 
development efforts (see PCT/US02/31554). The present inventors also have 
described technologies suitable for delivery of nucleic acids into animal tissues. 
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See WOO 1/47496, the contents of which are hereby incorporated by reference in 
their entirety. These methods enable administration of nucleic acid and achieve a 
significant (for example, seven-fold) increase in efficiency compared to "gold 
standard" nucleotide delivery reagents. Accordingly, the methods provide strong 
5 activity of nucleic acids in tissues including activity of candidate target proteins. 
This platform is a powerful tool for validation of candidate genes in a tissue. 

In addition, the present inventors have used these methods to achieve gene 
silencing in animal tissues, which is highly desired for validation of candidate 
target genes and as a therapeutic modality. Recently, double stranded RNA has 

10 been demonstrated to induce gene-specific silencing by a phenomenon called 
RNA interference (RNAi). Although the mechanism of RNAi still is not 
completely understood, early results suggested that the RNAi effect may be 
achieved in vitro in various cell types including mammalian cells. A double 
stranded RNA targeted against a target mRNA results in the degradation of the 

15 target, thereby causing the silencing of the corresponding gene. Large double 
stranded RNA is cleaved into smaller fragments of 21-23 nucleotides long by an 
RNase III like activity involving an enzyme Dicer. These shorter fragments, 
known as siRNA (small interfering RNA), are believed to mediate the cleavage of 
mRNA. 

20 Although gene down-regulation by the RNAi mechanism has been studied 

in C. elegans and other lower organisms in recent past, its effectiveness in 
mammalian cells in culture has only recently been demonstrated. An RNAi effect 
recently was demonstrated in mouse using the firefly luciferase gene reporter 
system. To develop an RNAi technology platform for in vivo gene inhibition for 

25 reserch and for clinical application of nucleic acid therapeutics to treat human 
diseases, the present inventors performed several in vivo studies in mouse models 
of disease. In those experiments, either siRNA or dsRNA targeting a tumor 
related ligand (human VEGF) or receptor (mouse VEGFR2) was delivered to 
nude mice bearing xenografted human MCF-7 derived tumor or human MDA- 

30 MB-435 tumors. For the first time we were able to demonstrate that RNAi can 
effectively silencing target gene in tumor cells in vivo and that, as a result, tumor 
growth was inhibited. 

The present inventors have achieved for the first time therapeutic 
compositions and methods for treatment of a wide variety of NV diseases using 
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dsRNA oligonucleotides inhibiting VEGF pathway genes. The invention is 
described here in detail, but one skilled in the art will appreciate the full extent of 
the invention. 



The present invention provides nucleic acid agents targeting and inhibiting 
VEGF pathway gene sequences with a variety of physicochemical structures. One 
preferred embodiment of the present invention uses nucleic acid agents called 
siRNA including 19 base pair dsRNA with 3' overhangs and 25 base pair dsRNA 

10 with blunt ends. The siRNA of the invention with 25 base pair dsRNA with blunt 
ends were found to be some of the most potent inhibitors with some of the 
greatest duration of inhibition. Additionally, incorporation of non-naturally 
occurring chemical analogues are useful in the invention, including 2'-0-Methyl 
ribose analogues of RNA, DNA and RNA chimeric oligonucleotides, and other 

15 chemical analogues of nucleic acid oligonucleotides, The 25 basepair siRNA with 
and without 2'-0-Methyl ribose in the sense strand of the siRNA and targeting 
human VEGF sequence provide strong and durable inhibitory effect, up to 70- 
80% in MCF-7/VEGF165 cells and in tumors growing in animals. This inhibitory 
effect in MCF-7/VEGF165 cell culture lasted for 5 days. One aspect provided for 

20 by the invention is siRNA targeting human genes and the encoded sequence also 
targets other mammalian species such as other primates, mice, and rats but not 
limited to these species. Methods well known to one skilled in the art can be used 
to identify and select siRNA provided by the invention. Many other forms of 
siRNA targeting VEGF pathway genes are provided for by the invention and 

25 others will be understood by one skilled in the art. 

a. Human VEGF specific siRNA: 
25 base pair blunt ends: 
hVEGF-25-siRNA-a: 
30 Sense strand: 5'-r(CCUGAUGAGAUCGAGUACAUCUUCA)-3' 
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A. Potent siRNA for VEGF Pathway Gene Inhibition 



Antisense strand: 



5 '-r(UGAAGAUGUACUCGAUCUCAUCAGG)-3 ' . 



liVEGF-25-siRNA-b: 



Sense strand: 



5 '-r(GAGAGAUGAGCUUCCUACAGCACAA)-3 ' 
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Antisense strand: 5 '-r(UUGUGCUGUAGGAAGCUCAUCUCUC)-3 ' . 

hVEGF-25-siRNA-c: 

Sense strand: 5'-r(CACAACAAAUGUGAAUGCAGACCAA)-3' 
5 Antisense strand: 5'-r(UUGGUCUGCAUUCACAUUUGUUGUG)-3' 

19 base pairs with two nucleotide (TT) overhangs at 3': 
hVEGF165 5'-r(UCGAGACCCUGGUGGACAUTT) -3' 



10 b. Human VEGF receptor 1 specific siRNA: 
25 base pair blunt ends: 
hVEGFRl -25-siRNA-a, 

Sense strand: 5'-r(GCCAACAUAUUCUACAGUGUUCUUA)-3' 
Antisense strand: 5'-r(UAAGAACACUGUAGAAUAUGUUGGC) -3' 

15 

hVEGFRl -25-siRNA-b, 

Sense strand: 5'-r(CCCUCGCCGGAAGUUGUAUGGUUAA)-3' 
Antisense strand: 5'- r(UDAACCAUACAACUUCCGGCGAGGG)-3'. 

20 19 basepairs with 2 3 ' (TT) nucleotide overhangs: 

VEGF Rl (FLT) 5 ' -GGAGAGGACCUGAAACUGUTT 

c. Human VEGF receptor 2 specific siRNA: 
25 basepair blunt ends: 
25 hVEGFR2-25-siRNA-a, 

Sense strand: 5 ' - r ( CCUCUUCUGUAAGACACUCACAAUU ) -3 ' 

Antisense strand: 5'-r (AAUUGUGAGUGUCUUACAGAAGAGG) -3'. 



hVEGFR2-25-siRNA-b, 
30 Sense strand: 5'-r (CCCUUGAGUCCAAUCACACAAUUAA) -3' 

Antisense strand: 5 ' -r ( UUAAUUGUGUGAUUGGACUCAAGGG ) -3 ' . 

hVEGFR2-25-siRNA-c, 

Sense strand: 5'-r ( CCAAGUGAUUGAAGCAGAUGCCUUU) -3 ' 

35 Antisense strand: 5'- r (AAAGGCAUCUGCUUCAAUCACUUGG) -3' 
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19 basepairs with 2 3' (TT) nucleotide overhangs: 

hVEGF R2 (KDR) 5 ' -CAGUAAGCGAAAGAGCCGGTT-3 ' 

5 

25 base pair siRNA oligos can target the corresponding genes from both 
human and mouse. 

In another embodiment, the 25 base pair siRNA sequences were selected 

to against the corresponding mRNA sequences, including human VEGF, 
10 VEGFR1, VEGFR2, PDGFR-alpha, PDGFR-beta and EGFR genes. The 

sequences selected are not only specific to the human genes but also specific to 
the corresponding mouse genes, such as the sequences against human VEGF 
mRNAs are also against mouse VEGF mRNAs. 

The 25 base pair siRNA oligos are very useful for mouse xenograft tumor 
15 study since the anti-tumor efficacy relies on knockdown both human and mouse 
genes in the tumor tissue. For example, knockdown VEGF expressions from both 
tumor cells (human origin) and endothelium cells (mouse origin) with the siRNA 
oligos targeting both sequences will provide better anti-tumor efficacy. 

Meanwhile, the toxicity study with the siRNA oligos targeting both genes 
20 from testing animals (e.g. mouse or monkey) and human genes will be very useful 
since the actual drugs were tested for both drug agent toxicology and exaggerated 
pharmacology. 

The following sequences are the 25 base pair siRNA oligo sequences 
targeting VEGF, VEGFR2, VEGFR1, PDGFR-alpha, PDGFR-beta and EGFR 
25 mRNAs from both human and mouse genes, some of them can also target to their 
monkey and dog counterparts. 

25 base pair VEGF siRNA targeting human, mouse, rat, macaque, dog VEGF 
mRNA sequences: 

30 

mhVEGF25-l: sense, 5'-CAAGAUCCGCAGACGUGUAAAUGUU-3'; 

antisense,5'-AACAUUUACACGUCUGCGGAUCUUG-3' 

mhVEGF25-2: sense, 5'-GCAGCUUGAGUUAAACGAACGUACU-3'; 
35 antisense, 5'- AGUACGUUCGUUUAACUCAAGCUGC-3 ' 

mhVEGF25-3: sense, 5'-CAGCUUGAGUUAAACGAACGUACUU-3'; 

antisense, 5'- AAGUACGUUCGUUUAACUCAAGCUG-3' 
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mhVEGF25-4: sense, 5'-CCAUGCCAAGUGGUCCCAGGCUGCA-3'; 

antisense, 5'- TGCAGCCTGGGACCACTTGGCATGG-3 ' 

5 mhVEGF25-4: sense, 5'-CACAUAGGAGAGAUGAGCUUCCUCA-3'; 

antisense, 5'-UGAGGAAGCUCAUCUCUCCUAUGUG-3 ' 



25 base pair VEGFR2 siRNA sequences targeting both human and mouse 
10 VEGFR2 mRNA sequences: 

mhVEGFR225-l: sense, 5'-CCUACGGACCGUUAAGCGGGCCAAU-3'; 

antisense: 5'-AUUGGCCCGCUUAACGGUCCGUAGG-3 ' 

15 mhVEGFR225-2: sense, 5'-CUCAUGUCUGUUCUCAAGAUCCUCA-3'; 

antisense: 5 '-UGAGGAUCUUGAGAACAGACAUGAG-3 ' 

mhVEGFR225-3: sense, 5'-CUCAUGGUGAUUGUGGAAUUCUGCA -3'; 

antisense: 5'-UGCAGAAUUCCACAAUCACCAUGAG-3' 

20 

mhVEGFR225-4: sense, 5 '-GAGCAUGGAAGAGGAUUCUGGACUC -3'; 

antisense: 5'-GAGUCCAGAAUCCTCUUCCAUGCTC-3' 

mhVEGFR225-5: sense, 5 '-CAGAACAGUAAGCGAAAGAGCCGGC-3 ' ; 
25 antisense: 5'-GCCGGCUCUUUCGCUUACUGUUCUG-3' 

rahVEGFR225-6: sense, 5'-GACUUCCUGACCUUGGAGCAUCUCA-3'; 

antisense: 5'-UGAGAUGCUCCAAGGUCAGGAAGUC-3 ' 

30 mhVEGFR225-7: sense, 5'-CCUGACCUUGGAGCAUCUCAUCUGU-3'; 

antisense: 5 '-ACAGAUGAGAUGCUCCAAGGUCAGG-3 ' 

mhVEGFR225-8: sense, 5'-GCUAAGGGCAUGGAGUUCUUGGCAU-3'; 

antisense: 5'-AUGCCAAGAACUCCAUGCCCUUAGC-3 ' 

35 



25 base pairs VEGF Rl siRNA sequences targeting both human and mouse 
VEGFR1 mRNA sequences: 

40 

mhVEGFR125-l: sense, 5'- CACGCUGUUUAUUGA AAGAGUCACA-3'; 

antisense: 5'-UGUGACUCUUUCAAUAAACAGCGUG-3 ' 

mhVEGFR125-2: sense, 5'- CGCUGUUUAUUGAAAGAGUC AC AGA-3 ' ; 
45 antisense: 5'-UCUGUGACUCUUUCAAUAAACAGCG-3' 

mhVEGFR125-3: sense, 5'- CAAGGAGGGCCUCUGAUGGUGAUGU-3 ' ; 

antisense: 5'-ACAUCACCAUCAGAGGCCCUCCUUG-3 ' 

50 mhVEGFR125-4: sense, 5'-CCAACUACCUCAAGAGCAAACGUGA-3'; 

antisense: 5'-UCACGUUUGCUCUUGAGGUAGUUGG-3 ' 
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mhVEGFR125-5: sense, 5'-CUACCUCAAGAGCAAACGUGACUUA-3'; 

antisense: 5'-UAAGUCACGUUUGCUCUUGAGGUAG-3 ' 

5 mhVEGFR125-6: sense, 5'-CCAGAAAGUGCAUUCAUCGGGACCU-3'; 

antisense: 5'-AGGUCCCGAUGAAUGCACUUUCUGG-3 ' 

mhVEGFR125-7: sense, 5'-CAUUCAUCGGGACCUGGCAGCGAGA -3'; 

antisense: 5'-UCUCGCUGCCAGGUCCCGAUGAAUG-3' 

10 

mhVEGFR125-8: sense, 5'-CAUCGGGACCUGGCAGCGAGAAACA -3'; 

antisense: 5'-UGUUUCUCGCUGCCAGGUCCCGAUG-3' 

mhVEGFR125-9: sense, 5'-GAGCCUGGAAAGAAUCAAAACCUUU-3'; 
15 antisense: 5'-AAAGGUUUUGAUUCUUUCCAGGCUC-3' 

mhVEGFRl 25-10: sense, 5'-GCCUGGAAAGAAUCAAAACCUUUGA-3'; 

antisense: 5'-UCAAAGGUUUUGAUUCUUUCCAGGC-3 ' 

20 mhVEGFR125-l 1: sense, 5'-GCCUGGAAAGAAUCAAAACCUUUGA-3'; 

antisense: 5'-UCAAAGGUUUUGAUUCUUUCCAGGC-3 ' 

mhVEGFR125-12: sense, 5'-CUGAACUGAGUUUAAAAGGCACCCA-3'; 

antisense: 5'-UGGGUGCCUUUUAAACUGAGUUCAG-3 ' 

25 

mhVEGFR125-13: sense, 5'- GAACUGAGUUUAAAAGGCACCCAGC-3 ' ; 

antisense: 5'-GCUGGGUGCCUUUUAAACUCAGUUG-3 ' 



30 25 base pairs siRNA sequences targeting both human and mouse PDGFR-alpha: 

rahPDGFRa25-l: sense, 5'- GAAGAUAAUGACUCACCUGGGGCCA -3'; 

antisense: 5'-UGGCCCCAGGUGAGUCAUUAUCUUC-3' 

35 mhPDGFRa25-2: sense, 5'- GAUAAUGACUCACCUGGGGCCACAU -3'; 

antisense: 5'-AUGUGGCCCCAGGUGAGUCAUUAUC-3 ' 

mhPDGFRa25-3: sense, 5'- CUCACCUGGGGCCACAUUUGAACAU-3'; 

antisense: 5'-AUGUUCAAAUGUGGCCCCAGGUGAG-3 ' 

40 

mhPDGFRa25-4: sense, 5'- CUUGCUGGGAGCCUGCACCAAGUCA -3'; 

antisense: 5'-UGACUUGGUGCAGGCUCCCAGCAAG-3' 

mhPDGFRa25-5: sense, 5'- GAUUCUACUUUCUACAAUAAGAUCA-3'; 
45 antisense: 5'-UGAUCUUAUUGUAGAAAGUAGAAUC-3' 

mhPDGFRa25-6: sense, 5'- CAGAGACUGAGCGCUGACAGUGGCU-3 '; 

antisense: 5'-AGCCACUGUCUGCGCUCAGUCUCUG-3 ' 

50 mhPDGFRa25-7: sense, 5'- GACCUGGGCAAGAGGAAC AGACACA-3 ' ; 

antisense: 5'-UGUGUCUGUUCCUCUUGCCCAGGUC-3' 
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mhPDGFRa25-8: sense, 5' - CCACCUUCAUCAAGAGAGAGGACGA -3'; 

antisense: 5'-UCGUCCUCUCUCUUGAUGAAGGUGG-3 ' 

mhPDGFRa25-9: sense, 5'-UAUGGAUUAAGCCGGUCCCAACCUGU -3'; 
5 antisense: 5 ' - ACAGGUUGGG ACCGGCUUAAUCCAUA-3 ' 



25 base pairs siRNA sequences targeting both human and mouse PDGFRbeta: 

10 mhPDGFRB25-l: sense, 5'- CUGCAGAGACCUCAAAAGGUGUCCA -3'; 

antisense: 5 '-UGGACACCUUUUGAGGUCUCUGCAG-3 ' 

mhPDGFRB25-2: sense, 5'-CAGAGACCUCAAAAGGUGUCCACGU-3'; 

antisense: 5'-ACGUGGACACCUUUUGAGGUCUCUG-3 ' 

15 

mhPDGFRB25-3: sense, 5'-GUGGUGGUGAUCUCAGCCAUCCUGG-3'; 

antisense: 5'-CCAGGAUGGCUGAGAUCACCACCAC-3' 

20 mhPDGFRB25-4: sense, 5'-GGUGGUGAUCUCAGCCAUCCUGGCC-3'; 

antisense: 5'-GGCCAGGAUGGCUGAGAUCACCACC-3' 

mhPDGFRB25-5: sense, 5'-GGCAAGCUGGUCAAGAUCUGUGACU-3'; 

antisense: 5 '-AGUCACAGAUCUUGACCAGCUUGCC-3 ' 

25 

mhPDGFRB25-6: sense, 5'-GCAAGCUGGUCAAGAUCUGUGACUU-3'; 

antisense: 5 '-AAGUCACAGAUCUUGACCAGCUUGC-3 ' 

mhPDGFRB25-7: sense, 5'-GGGUGGCACCCCUUACCCAGAGCUG-3'; 
30 antisense: 5'-CAGCUCUGGGUAAGGGGUGCCACCC-3' 

rahPDGFRB25-8: sense, 5'-GCACCCCUUACCCAGAGCUGCCCAU-3'; 

antisense: 5 '-AUGGGCAGCUCUGGGUAAGGGGUGC-3 ' 

35 mhPDGFRB25-9: sense, 5'-CUUACCCAGAGCUGCCCAUGAACGA-3'; 

antisense: 5'-UCGUUCAUGGGCAGCUCUGGGUAAG-3 ' 

mhPDGFRB25-10: sense, 5'-CAUGCCUCCGACGAGAUCUAUGAGA-3'; 

antisense: 5'-UCUCAUAGAUCUCGUCGGAGGCAUG-3' 

40 

mhPDGFRB25-l 1 : sense, 5'-GCCUCCGACGAGAUCUAUGAGAUCA-3'; 

antisense: 5'-UGAUCUCAUAGAUCUCGUCGGAGGC-3 ' 

mhPDGFRB25-12: sense, 5'-CCGACGAGAUCUAUGAGAUCAUGCA -3'; 
45 antisense: 5'-UGCAUGAUCUCAUAGAUCUCGUCGG-3' 

mhPDGFRB25-13: sense, 5 '-GACGAGAUCUAUGAGAUCAUGCAGA-3 ' ; 

antisense: 5'-UCUGCAUGAUCUCAUAGAUCUCGUC-3 ' 

50 

25 base pairs siRNA sequences targeting both human and mouse EGFR: 
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mhEGFR- 1 : sense, 5 '-CUCUGGAUCCCAGAAGGUGAGAAAG-3 ' ; 

s: 5'-CUUUCUCACCUUCUGGGAUCCAGAG-3' 



5 mhEGFR-2: sense, 5'- CAGCAUGUCAAGAUCACAGAUUUUG -3'; 

:: 5'-CAAAAUCUGUGAUCUUGACAUGCUG-3' 



rahEGFR-3: sense, 5'- GAUCACAGAUUUUGGGCUGGCCAAA -3'; 

:: 5'-UUUGGCCAGCCCAAAAUCUGUGAUC-3' 



mhEGFR-4: sense, 5 CAGAUUUUGGGCUGGCCAAACUGCU-3 ' ; 

antisense: 5 '-AGCAGUUUGGCCAGCCCAAAAUCUG-3 ' 

15 

mhEGFR-5 : sense, 5 '- CAAAGUGCCUAUCAAGUGGAUGGCA-3 ' ; 

antisense: 5 '-UGCCAUCCACUUGAUAGGCACUUUG-3 ' 

20 

mhEGFR-6: sense, 5 CCAUCGAUGUCUACAUGAUCAUGGU-3 ' ; 

>e: 5'-ACCAUGAUCAUGUAGACAUCGAUGG-3 ' 



25 mhEGFR-7: sense, 5'-CGAUGUCUACAUGAUCAUGGUCAAGU-3'; 

antisense: 5'-ACUUGACCAUGAUCAUGUAGACAUCG-3 ' 



mhEGFR-8: sense, 5'- CUACAUGAUCAUGGUCAAGUGCUGG -3 '; 

antisense: 5 '-CCAGCACUUGACCAUGAUCAUGUAG-3 ' 



mhEGFR-9 : sense, 5 ' - CAU GAUCAUGGUCAAGUGCUGGAUGA-3 ' ; 

antisense: 5'-UCAUCCAGCACUUGACCAUGAUCAUG-3' 



mhEGFR-10: sense, 5 ' -GGAUGAAAGAAUGC AUUUGCC AAGU-3 ' ; 

antisense: 5 '-ACUUGGCAAAUGCAUUCUUUCAUCC-3 ' 

40 

mhEGFR-11: sense, 5'-GACAACCCUGACUACCAGCAGGACU-3'; 

i: 5 ' -AGUCCUGCUGGUAGUCAGGGUUGUC-3 ' 



45 mhEGFR- 12: sense, 5'- CCUUCUUAAAGACCAUCCAGGAGGU-3'; 

antisense: 5 ' -ACCUCCUGGAUGGUCUUUAAGAAGG-3 ' 



Another embodiment is use of a combination of these oligos in the same 
50 drug payload. When three or more of those 25 base pair siRNAs targeting three 
or more genes involving in the disease process were packaged in the same 
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nanoparticles and delivered through the same administration routs (or different 
routes), the treatment is e more effective since the knockdown of multiple gene 
expressions can effectively block the particular tumorigenic pathway. The 
following combinations can be further expended using the same general principles 
5 applied here. 



Combinations of 25 base pair siRNA oligos, each of them can target the 
corresponding genes from both human and mouse, can achieve more potent 
therapeutic (multi-targeted) efficacy: 



1. Targeting VEGF pathways: 
VEGF-VEGFR1 -VEGFR2 cocktail A: 



5 '-CAAGAUCCGCAGACGUGUAAAUGUU-3 ' ; 
5 '-AACAUUUACACGUCUGCGGAUCUUG- 



mhVEGFR125-3: 

3'; 



mhVEGFR225-l: 

3' 



sense, 5'- CAAGGAGGGCCUCUGAUGGUGAUGU- 

antisense: 5'-ACAUCACCAUCAGAGGCCCUCCUUG-3' 
sense, 5 '-CCUACGGACCGUUAAGCGGGCCAAU-3 '; 

i: 5'-AUUGGCCCGCUUAACGGUCCGUAGG- 



VEGF-VEGFR1 -VEGFR2 cocktail B: 



sense, 5 '-CAAGAUCCGCAGACGUGUAAAUGUU-3 ' ; 
antisense, 5 '-AACAUUUACACGUCUGCGGAUCUUG- 



mhVEGFR125-6: 



sense, 5 '-CCAGAAAGUGCAUUCAUCGGGACCU-3 

5'-AGGUCCCGAUGAAUGCACUUUCUGG- 



30 mhVEGFR225-2: 

3' 



sense, 5 '-CUCAUGUCUGUUCUCAAGAUCCUCA-3 '; 
antisense: 5 '-UGAGGAUCUUGAGAACAGACAUGAG- 



VEGF-VEGFR1 -VEGFR2 cocktail C: 



35 mhVEGF25-2: 



sense, 5 '-GCAGCUUGAGUUAAACGAACGUACU-3 ' ; 
antisense, 5'- AGUACGUUCGUUUAACUCAAGCUGC- 



mhVEGFR125-6: 



sense, 5 '-CCAGAAAGUGCAUUCAUCGGGACCU-3 '; 
antisense: 5'-AGGUCCCGAUGAAUGCACUUUCUGG- 



mhVEGFR225-2: 

3' 



sense, 5 '-CUCAUGUCUGUUCUCAAGAUCCUCA-3 '; 
antisense: 5 ' -UG AGG AUCUUG AGAAC AGAC AUG AG- 
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Many other combinations with the 25 base pair siRNA oligos targeting 
VEGF, VEGFR1 and VEGFR2 respectively can be composed for the best anti- 
angiogenesis efficacy, by either equal or different ratios of each components. 

5 2. Targeting both VEGF and EGF pathways: 



VEGF-VEGFR2-EGFR cocktail A: 
mhVEGF25-l: 



sense, 5'-CAAGAUCCGCAGACGUGUAAAUGUU-3'; 
antisense, 5'-AACAUUUACACGUCUGCGGAUCUUG- 



mhVEGFR225-l: 

3' 



5'-CCUACGGACCGUUAAGCGGGCCAAU-3'; 
5 ' - AUUGGCCCGCUUAACGGUCCGUAGG- 



sense, 5 ' -CUCUGGAUCCC AG AAGGUGAGAAAG-3 ' ; 
antisense: 5 '-CUUUCUCACCUUCUGGGAUCCAGAG- 



VEGF- VEGFR2-EGFR cocktail B: 



sense, 5 ' -CAAGAUCCGCAGACGUGUAAAUGUU-3 ' ; 
antisense, 5 '-AACAUUUACACGUCUGCGGAUCUUG- 



mhVEGFR225-2: 
3' 

25 mhEGFR-5: 



sense, 5 '-CUCAUGUCUGUUCUCAAGAUCCUCA-3 ' ; 
antisense: 5 '-UGAGGAUCUUGAGAACAGACAUGAG- 



sense, 5' - C AAAGUGCCUAUC AAGUGGAUGGCA-3 ' ; 
antisense: 5'-UGCCAUCCACUUGAUAGGCACUUUG- 



VEGF- VEGFR2-EGFR cocktail C: 



30 mhVEGF25-2: 



sense, 5 ' -GC AGCUUGAGUUAAACGAACGUACU-3 ' ; 
antisense, 5'- AGUACGUUCGUUUAACUCAAGCUGC- 



mhVEGFR225-2: 

3' 



sense, 5 ' -CUCAUGUCUGUUCUC AAGAUCCUC A-3 ' ; 
antisense: 5 '-UGAGGAUCUUGAGAACAGACAUGAG- 



5'- C AUG AUC AUGGUC AAGUGCUGGAUGA-3 ' ; 
5'-UCAUCCAGCACUUGACCAUGAUCAUG- 



40 Many other combinations can be made with other sequences targeting those three 
genes with different composition and equal or different rations of the siRNA 
oligos. 
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sense, 5'-CCUACGGACCGUUAAGCGGGCCAAU-3'; 
antisense: 5 '-AUUGGCCCGCUUAACGGUCCGUAGG- 



mhPDGFRa25-l: 
3' 



sense, 5'- GAAGAUAAUGACUCACCUGGGGCCA -3'; 

5'-UGGCCCCAGGUGAGUCAUUAUCUUC- 



sense, 5 '-CUCUGGAUCCCAGAAGGUGAGAAAG-3 ' ; 
s: 5>-CUUUCUCACCUUCUGGGAUCCAGAG- 



VEGFR1 -VEGFR2-PDGFRa-EGFR cocktail B: 



mhVEGFR125-6: 

3' 

mhVEGFR225-l: 
3' 

mhPDGFRa25-2: 
3' 



sense, 5 ' -CCAG AAAGUGCAUUC AUCGGGACCU-3 ' ; 

:: 5'-AGGUCCCGAUGAAUGCACUUUCUGG- 



sense, 5 ' -CCUACGGACCGUU AAGCGGGCC AAU-3 ' ; 
antisense: 5'-AUUGGCCCGCUUAACGGUCCGUAGG- 



sense, 5'- GAUAAUGACUCACCUGGGGCCACAU -3'; 
antisense: 5 '-AUGUGGCCCCAGGUGAGUCAUUAUC- 



sense, 5 '-CUCUGGAUCCCAGAAGGUGAGAAAG-3 '; 
;: 5'-CUUUCUCACCUUCUGGGAUCCAGAG- 



VEGFR2-PDGFRa-EGFR cocktail C: 

mhVEGFR225-l: sense, 5'-CCUACGGACCGUUAAGCGGGCCAAU-3'; 

antisense: 5 '-AUUGGCCCGCUUAACGGUCCGUAGG- 

30 3' 

mhPDGFRa25-2: sense, 5'- GAUAAUGACUCACCUGGGGCCACAU -3'; 

antisense: 5 '-AUGUGGCCCCAGGUGAGUCAUUAUC- 

3' 

mhEGFR- 12: sense, 5 ' - CCUUCUUAAAGACCAUCCAGGAGGU-3 ' ; 

35 antisense: 5'-ACCUCCUGGAUGGUCUUUAAGAAGG- 

3' 



VEGFR2-PDGFRb-EGFR cocktail A: 



mhVEGFR225-l: 



sense, 5 ' -CCUACGGACCGUUAAGCGGGCCAAU-3 ' ; 
antisense: 5'-AUUGGCCCGCUUAACGGUCCGUAGG- 



mhPDGFRB25-5: 
3' 

45 mhEGFR- 1: 



sense, 5 '-GGCAAGCUGGUCAAGAUCUGUGACU-3 ' ; 
antisense: 5'-AGUCACAGAUCUUGACCAGCUUGCC- 



sense, 5 '-CUCUGGAUCCCAGAAGGUGAGAAAG-3 '; 
antisense: 5 '-CUUUCUCACCUUCUGGGAUCCAGAG- 
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VEGFR2-PDGFRb-EGFR cocktail B 
mhVEGFR225-l 



mhPDGFRB25-10: 
3' 



sense, 5'-CCUACGGACCGUUAAGCGGGCCAAU-3'; 

5 ' -AUUGGCCCGCUUAACGGUCCGUAGG- 



sense, 5 ' -CAUGCCUCCGACGAGAUCUAUGAGA-3 ' ; 
antisense: 5'-UCUCAUAGAUCUCGUCGGAGGCAUG- 



sense. 5 ' -CUCUGGAUCCCAGAAGGUGAGAAAG-3 ' ; 

5'-CUUUCUCACCUUCUGGGAUCCAGAG- 



VEGFR2-PDGFRb-EGFR cocktail C: 



mhVEGFR225-l: 

15 

3' 

mhPDGFRB25-5: 

3' 

20 mhEGFR-12: 



sense, 5 '-CCUACGGACCGUUAAGCGGGCCAAU-3 '; 
antisense: 5 '-AUUGGCCCGCUUAACGGUCCGUAGG- 



sense, 5 ' -GGCAAGCUGGUCAAGAUCUGUGACU-3 ' ; 

: 5'-AGUCACAGAUCUUGACCAGCUUGCC- 



sense, 5'- CCUUCUUAAAGACCAUCCAGGAGGU-3'; 

5'-ACCUCCUGGAUGGUCUUUAAGAAGG- 



Many other combinations can be made with other 
25 genes with different composition and equal or different rations 



>se three 
of the siRNA 



The combinations can also be made with more than three sequences: 



30 VEGFR2-PDGFRab-EGFR cocktail A: 



mhVEGFR225-l: 
3' 

mhPDGFRa25-2: 

35 

3' 

mhPDGFRb25-5: 

3' 

40 mhEGFR-1: 



sense, 5 ' -CCUACGGACCGUUAAGCGGGCCAAU-3 ' ; 
antisense: 5'-AUUGGCCCGCUUAACGGUCCGUAGG- 



sense, 5'- GAUAAUGACUCACCUGGGGCCACAU -3'; 
antisense: 5'-AUGUGGCCCCAGGUGAGUCAUUAUC- 



sense, 5 '-GGCAAGCUGGUCAAGAUCUGUGACU-3 ' ; 
antisense : 5 ' - AGUC ACAGAUCUUGACCAGCUUGCC- 



sense, 5 '-CUCUGGAUCCCAGAAGGUGAGAAAG-3 '; 
antisense: 5 '-CUUUCUCACCUUCUGGGAUCCAGAG- 



VEGFR1 -VEGFR2-PDGFRb-EGFR-VEGF cocktail A: 
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sense, 5'-CCAGAAAGUGCAUUCAUCGGGACCU-3'; 
antisense: 5 '-AGGUCCCGAUGAAUGCACUUUCUGG- 



mhVEGFR225-l: 



sense, 5 ' -CCUACGGACCGUUAAGCGGGCC AAU-3 ' ; 
antisense: 5 ' - AUUGGCCCGCUUAACGGUCCGUAGG- 



mhPDGFRB25-10: sense, 5'-CAUGCCUCCGACGAGAUCUAUGAGA-3'; 

5 5'-UCUCAUAGAUCUCGUCGGAGGCAUG- 



10 mhEGFR-1: 



sense, 5 ' -CUCUGGAUCCCAGAAGGUGAGAAAG-3 ' ; 
antisense: 5'-CUUUCUCACCUUCUGGGAUCCAGAG- 



sense, 5 ' -GCAGCUUGAGUUAAACGAACGUACU-3 ' ; 
antisense, 5'- AGUACGUUCGUUUAACUCAAGCUGC- 



VEGFR1 -VEGFR2-PDGFRb-EGFR-VEGF cocktail C: 



mhVEGFR125-6: 

20 3' 
mhVEGFR225-l: 

3' 

mhPDGFRa25-2: 

25 

3' 

mhPDGFRB25-5: 

3' 

30 mhEGFR-1 2: 

3' 

rahVEGF25-2: 



sense, 5'-CCAGAAAGUGCAUUCAUCGGGACCU-3'; 
antisense: 5'-AGGUCCCGAUGAAUGCACUUUCUGG- 



sense,5'-CCUACGGACCGUUAAGCGGGCCAAU-3'; 

: 5'-AUUGGCCCGCUUAACGGUCCGUAGG- 



sense, 5'- GAUAAUGACUCACCUGGGGCCACAU -3'; 
: 5'-AUGUGGCCCCAGGUGAGUCAUUAUC- 



5 '-GGCAAGCUGGUCAAGAUCUGUGACU-3 ' ; 
5 '-AGUCACAGAUCUUGACCAGCUUGCC- 



sense, 5'- CCUUCUUAAAGACCAUCCAGGAGGU-3'; 
antisense: 5'-ACCUCCUGGAUGGUCUUUAAGAAGG- 



sense, 5 '-GCAGCUUGAGUUAAACGAACGUACU-3 ' ; 
antisense, 5'- AGUACGUUCGUUUAACUCAAGCUGC- 



B. Combined VEGF Pathway Gene Inhibition 

A number of factors were considered during development of the 
40 compositions and methods of the present invention for inhibition of NV. First, NV 
diseases are complex and the result of multiple proteins and abnormally over- 
expressed disease-causing genes and mutiple malfunctions of disease-causing 
proteins. Second, nucleic acid agents that activate RNA interference (RNAi) are 
highly selective inhibitors of gene expression in a sequence specific manner. 
45 Thirdly, inhibition of NV by modulation of protein activity can be achieved by a 
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number of methods, including an inhibition of protein function (antagonists), 
stimulation of protein function (agonists), reduction of protein expression levels, 
and post transcriptional modification of proteins. Treatment of NV disease ideally 
requires sophisticated therapeutic actions to effectively shut down a particular 
5 biological pathway that is critical for disease progression, including 
simultaneously blocking functions of both ligands and their receptor, 
simultaneously blocking receptor activity and down stream signaling proteins, and 
simultaneously blocking redundant elements of a pathway. This is the case for the 
NV disease and the VEGF pathway. 
10 However, identification of a single agent selective for two or three or more 

proteins is difficult and oftentimes impractical, if not impossible. To overcome 
this difficulty, use of a combination of drugs has been something of a trend in 
modern medicine. In oncology applications, combined chemotherapies have 
achieved remarkable anti-cancer efficacy. One example is the use of docetaxel, 
1 5 ifosfamide and cisplatin combination therapy for treatment of oropharyngeal 
cancer with multiple bone metastases from prostate cancer (2). In other 
therapeutic areas, another example is the treatment of ulcerative colitis with 
combination of Corticosteroids, Metronidazole and Vancomycin (3). For 
treatment of insufficiently controlled type 2 diabetes, the efficacy and safety of 
20 adding rosiglitazone to a combination of glimepiride and metformin therapy were 
evaluated (4). 

Although those clinical studies have demonstrated remarkable therapeutic 
efficacies, the toxicities of higher dosage and long time safeties are always major 
concerns, due to their different sources of origins, different manufacturing 

25 processes and different chemistry properties. To overcome these problems, an 
aspect of the present invention are using s siRNA oligonucleotide gene 
inhibitorsto provide a unique advantage to achieve combination effects with a 
combination of siRNA to target multiple disease causing genes in the same 
treatment. One advantage provided by the present invention is a result that all 

30 siRNA oligonucleotides are very similar chemically and pharmacologically, and 
can be from the same source of origin and same manufacturing process. Another 
advantage provided by the present invention is that multiple siRNA 
oligonucleotides can be formulated in a single preparation such as a nanoparticle 
preparation. 
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Accordingly, an aspect of the present invention is to combine siRNA 
agents so as to achieve specific and selective inhibition of multiple VEGF 
pathway genes and as a result achieve a inhibition of NV disease and a better 
clinical benefit. The present invention provides for many combinations of siRNA 
5 targeting including combinations that target VEGF itself together with its 

receptors including VEGF Rl (Fltl) and VEGF R2 (KDR), parallel growth factors 
including PDGF and EGF and their receptors, down stream signaling factors 
including RAF and AKT, and transcription factors including NFKB, and their 
combination. A preferred embodiment is a combination of siRNA inhibiting 

1 0 VEGF and two of its receptors VEGF Rl (Fltl) and VEGF R2 (KDR) . Another 
preferred embodiment is a combination of siRNA inhibiting VEGF and its 
receptors, PDGF and its receptors, and EGF and its receptors. Yet another 
preferred embodiment is a combination of siRNA inhibiting VEGF and its 
receptors and down stream signaling. 

15 The dsRNA oligonucleotides can be combined for a therapeutic for the 

treatment of NV disease. In one embodiment of the present invention they can be 
mixed together as a cocktail and in another embodiment they can be administered 
sequentially by the same route or by different routes and formulations and in yet 
another embodiment some can be administered as a cocktail and some 

20 administered sequentially. Other combinations of siRNA and methods for their 
combination will be understood by one skilled in the art to achieve treatment of 
NV diseases. 



C. Combined VEGF Pathway Antagonist and Gene Inhibition 

25 Disease is complicated and often involves multiple pathological processes 

as well as variations in severity of disease symptoms and, often, variations from 
one patient to another. Many diseases are caused by abnormal overexpression of 
disease-causing or disease control genes, or from foreign infectious organisms, or 
both. Disease progression, the development of reduced response to treatments 

3 0 over time and drug resistance also limit clinical benefit of a single treatment or 
modality. One means to overcome such limitations is through use of 
combinations of treatments and drugs. 

Therefore, an aspect of the present invention is to combine siRNA agents 
with other agents so as to achieve a strong, durable, and robust inhibition of NV 
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disease and a superior clinical benefit. The present invention provides multiple 
combinations of siRNA agents together with other agents, including combinations 
of therapeutic siRNA for VEGF itself and its receptors with antagonists of VEGF 
itself and its receptors (such as Avastin). The present invention also provides 
5 combinations of therapeutic siRNA agents with orally available kinase inhibitors 
(such as SU1 1248). The present invention also provides combinations of 
therapeutic siRNA agents with immunotherapy. Yet another embodiment of the 
present invention is to combine siRNA with antiproliferative agents. Other 
combinations of siRNA agents and other agents will be understood by one skilled 
1 0 in the art to achieve treatment of NV diseases. 



D. Formulation and Administration 

Recent efforts towards developing tissue targetable nucleic acid delivery 
systems based on synthetic reagents have produced promising results' To be 

15 robust, effective delivery systems should have multiple levels of selectivity, i.e. 
selective localization at the disease tissue and selective inhibition of biochemical 
pathways driving the pathology. Moreover, the most effective current therapies 
require "multi-targeted" therapeutics, i.e. designer "dirty" drugs with multiple 
mechanisms of activity, blocking redundant pathological pathways. A superior 

20 approach would be use "smart" nanoparticles that simultaneously target disease 
and deliver nucleic acid agents into the target cells and into the correct subcellular 
compartment. 

In one embodiment, the present invention provides for formulations for 
siRNA dsRNA oligonucleotides that comprise tissue-targetable delivery with 

25 three additional properties. These properties are nucleic acid binding into a core 
that can release the siRNA into the cytoplasm, protection from non-specific 
interactions, and tissue targeting that provides cell uptake. No one material has all 
of these required properties in one molecule. The invention provides for 
compositions and methods that use modular conjugates of three materials to 

30 combine and assemble the multiple properties required. They can be designed 
and synthesized to incorporate various properties and then mixed with the siRNA 
payload to form the nanoparticles. Based on these embodiments, a preferred 
embodiment comprises a modular polymer conjugate targeting neovasculature by 
coupling a peptide ligand specific for those cells to one end of a protective 
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polymer, coupled at its other end to a cationic carrier for nucleic acids. This 
polymer conjugate has three functional domains, sometimes referred to as a tri- 
functional polymer (TFP). The modular design of this conjugate allows 
replacement and optimization of each component separately. An alternative 
5 approach has been to attach surface coatings onto preformed nanoparticles. 
Adsorption of a steric polymer coating onto polymers is self-limiting; once a 
steric layer begins to form it will impede further addition of polymer. The 
compositions and methods of the invention permit an efficient method for 
optimization of each of the three functions, largely independent of the other two 
10 functions. 



Formation of Nucleic Acid Core Particle 

Delivery agents for nucleic acids must assist their gaining access to the 
interior of cells and in a manner such that they can exert their biological activity. 

1 5 Efforts to address this challenge for nucleic acid therapeutics with synthetic 

materials include use of simple cationic lipid and polymer complexes developed 
as in vitro DNA transfection reagents. It was quickly found that both getting 
nucleic acids into cells and obtaining biological activity is extremely difficult. 
For example, achieving a stable nucleic acid package for transport is possible but 

20 not always easy to reconcile with the need to release the nucleic acid into the 
nucleus, or in the case of siRNA into the cytoplasm. Also, a large number of 
cationic lipids and polymers that are effective in vitro do not retain activity when 
administered in vivo, unfortunately for reasons still largely unknown, providing 
little predictive value for developing complexes active in vivo. Interest in studies 

25 with RNA have lagged far behind, until now with the recent eruption of interest in 
siRNA. Nonetheless, lung tissue can often be transfected from an intravenous 
administration of DNA complexes. Similar biological activity has been observed 
when siRNA has been used as the payload. 

Recent studies have identified one class of cationic polymers composed of 

30 defined polypeptide structures that appear to have broad capabilities. A large 
number of members of this class can be synthesized with defined structures 
covering linear and branched forms and have been found to offer biological 
activity both in vitro and in vivo. They have been shown to have activity with 
several types of nucleic acids, including plasmids and DNA or RNA 
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oligonucleotides. The success with this class of cationic polymer appears to result 
from a design incorporating specific structures, including branching, and using a 
mixture of hard and weak bases to form a polymer with mixed cationic properties. 
Another advantage of this particular class is its biodegradable nature, being 
5 constructed entirely from natural amino acids, albeit non-natural branching. 

Having a polymer with at least two properties to use for optimization, continuing 
development of materials for forming effective core complexes with siRNA can 
be refined and focused on for further improvements to balance stability and 
cytoplasmic release. Optimized core forming polymers can be used as the basis 
1 0 for the other functions. 



Protective Steric Coating 

Even liposomes with an external lipid bilayer resembling the outer cellular 
membrane are rapidly recognized and cleared from blood. Unlike viral particles, 
, 15 though,nanotechnology has access to a broad range of synthetic polymer 
chemistry. Hydrophilic polymers, such as PEG and polyacetals and 
polyoxazolines, have proven effective to form a "steric" protective layer on the 
surface ofcolloidal drug delivery systems whether liposomes, polymer or 
electrostatic nanoparticles, reducing immune clearance from blood. The use of 
20 this steric PEG layer was first developed and most extensively studied with 
sterically stabilized liposomes. The present invention provides for alternative 
approaches, such as chemical reduction of surface charge, inaddition to a steric 
polymer coating. 

The evidence is strong that the steric barrier, and biological consequences, 
25 derive from physical, not chemical, properties. Several other hydrophilic 

polymers have been reported as alternatives to PEG. Physical studies on sterically 
stabilized liposomes have provided a strong mechanistic underpinning for 
physical behavior of the polymer layer and can be used to achieve similar coatings 
on other types of particles. However, while physical studies have shown 
30 formation of a similar polymer layer on the surface of polymer complexes with 
nucleic acids, and achievement of similar biological properties, we lack sufficient 
information today to use of the physical properties to accurately predict the 
desired biological properties, protection from immune clearance from blood. 
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Advanced studies are constructing nanoparticle complexes with controlled 
variations in their physical properties followed by determination of their 
biological properties. From the many liposome studies, it is clear than physical 
properties with the greatest impact on biological activity can be obtained by 
5 synthesis of a matrix of conjugates varying size of the two polymers and the 
grafting density. Note that while the surface steric layer function is due to 
physical properties, the optimal conjugation chemistry still depends on the 
specific chemical nature of the steric polymer and the carrier to which it is 
coupled. 

10 Methods for formation of the nanoparticles with the surface steric polymer 
layer are also a relevant parameter. One embodiment of the present invention 
provides for methods where the steric polymer is coupled to the carrier polymer to 
give a conjugate that self-assembles with the nucleic acid forming a nanoparticle 
with the steric polymer surface layer. Another embodiment is to attach surface 

15 coatings onto preformed nanoparticles. In self-assembly formation of the surface 
steric layer depends on interactions of the carrier polymer with the payload, not on 
penetration through a forming steric layer to react with particle surface. In this 
case, effects of the steric polymer on ability of the carrier polymer to bind the 
nucleic acid payload may have adverse effects on particle formation, and thus the 

20 surface steric layer. If this occurs, the grafting density of the steric polymer on 
the carrier will have exceeded its maximum, or the structural nature of the grafting 
is not adequate. 

Surface Exposed Ligands Targeting Specific Tissues 
25 Ability of the nanoparticle to reach the interior of the target cells, 

selectively, resides in its ability to induce a specific receptor mediated uptake. 
This is provided in the present invention by exposed ligands with the binding 
specificity. While many types of ligands have been studied extensively for 
targeting colloidal delivery systems, many have relied on antibodies. Over twenty 
30 years ago, this idea was developed for coupling antibodies to the surface of 

liposomes, usually referred to as immunoliposomes . One important parameter 
that has emerged in the impact of ligand density. The extensive studies achieved 
good success in vitro but only recently have begun to produce positive results in 
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vivo, now reaching the stage of clinical development tor delivery of small 
molecule drugs. 

Antibodies tend to meet many requirements for use as the ligand, 
including good binding selectivity and nearly routine preparation for nearly any 
5 receptor and broad applicability of protein coupling methods regardless of 

nanoparticle type. Monoclonal antibodies even show signs of utility to cross the 
blood-brain-barrier. On the other hand, they are not ideal. As targeting ligands, 
antibodies are very large proteins, about 150 Kd. This makes conjugation to yield 
a specific orientation difficult unless an extra Cys amino acid residue can be 

10 introduced, or other unique site identified, for the chemical coupling. Truncated 
forms can be used to reduce size but loss of affinity can occur, such as with 
"scFv" constructions. 

Another troubling property of antibodies is their multitude of biological 
activities, many conveyed in domains not associated with antigen binding, which 

15 are part of their role in the mammalian immune system. These immune activities 
can be exploited but they also can interfere in the nanoparticle steric layer role of 
avoiding immune clearance. Other proteins that are natural ligands also have 
been considered for targeting nanoparticles, such as transferrin for transferrin 
receptor and Factor VII and Factor Vila proteins and their fragments. These 

20 agents can be good candidates but their successful use requires considerable effort 
to identify specific coupling chemistry, coupling without loss of binding activity, 
and exposure on the particle without reintroducing immune clearance. 

A preferred class of ligands are small molecular weight compounds with 
strong selective binding affinity for internalizing receptors. Studies have been 

25 evaluated natural metabolites such as vitamins like folate and thiamine, 

polysaccharides like wheat germ agglutinin or sialyl Lewis x for e-selectin, and 
peptide binding domains like RGD for integrins. Peptides offer a versatile class 
of ligand, since phage display libraries can be used to screen for natural or 
unnatural sequences, even with in vivo panning methods. Such phage display 

30 methods can permit retention of an unpaired Cys residue at one end for ease of 
coupling regardless of sequence. The recent in vivo success using an RGD 
peptide for targeted delivery of nanoparticles to neovasculature indicates this 
approach can be very effective to meet the major requirements for effective 
ligands: specific chemistry that doesn't interfere in ligand binding or induce 
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immune clearance yet enables selective receptor mediated uptake at the target 
cells. 

A preferred embodiment of the invention comprises an RGD-2C peptide 
ligand conjugate. The RGD-2C ligand provides localization at neovasculature as 
5 well as tumor cells nearby tumor neovascualture, intracellular internalization of 
the nucleic acid containing nanoparticles, and relase of the nucleic acid giving 
effective biological activity of the nucleic acid. 

Another preferred embodiment of the invention comprises mixtures of 
ligand-conjugates of two or more ligands, or conjugates of two or more ligands. 
10 A preferred embodiment of the invention comprises mixtures of RGD peptide 

ligands with Factor VII proteins or their peptide fragments or chemical analogues. 
Another preferred embodiment of the invention comprises mixtures of RGD 
peptide ligands with ligands binding e-selectins. Another preferred embodiment 
of the invention comprises mixtures of RGD peptide ligands with apoE proteins or 
15 their peptide fragments or chemical analogues. Another preferred embodiment of 
the invention comprises mixtures of RGD peptide ligands with tumor cell binding 
ligands such as folate, transferrin, porphyrin, bFGF, and EGF. Another preferred 
embodiment of the invention comprises mixtures of three or more of these ligands. 
A preferred embodiment of the invention comprises a conjugate of two or 
20 more ligands at one domain of a carrier and a polyamine agent at a second domain 
of said carrier. 

Another preferred embodiment of the invention comprises mixtures of 
ligand conjugates. The mixture of ligand conjuates can comprise the ligands 
conjugated to the same carrier agent and optionally to the same domain of the 

25 carrier or the mixture of ligand conjugates can comprise the ligands conjugated to 
different carrier agents or optionally to different domains of carrier agents. The 
mixture of ligand conjugates can be further comprised of protective, fusogenic, or 
carrier agents, such as PEG or polyacetals or pH-sensitive polymers or 
polyamines or histidine-lysine copolymers. 

30 The compositions and methods of the present invention provide for 

administration of RNAi comprising polymers, polymer conjugates, lipids, 
micelles, self-assembly colloids, nanoparticles, sterically stablized nanoparticles, 
or ligand-directed nanoparticles. Targeted synthetic vectors of the type described 
in WO01/49324, which is hereby incorporated by reference in its entirety, may be 
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used for systemic delivery of nucleic acids of the present invention inducing 
RNAi. In one embodiment, aPEI-PEG-RGD (polyethyleneimine-polyethylene 
glycol-argine-glycine-aspartic acid) synthetic vector can be prepared and used, for 
example as in Examples 53 and 56 of WO01/49324. This vector was used to 
5 deliver RNAi systemically via intravenous injection. The skilled artisan will 
recognize that other targeted synthetic vector molecules known in the art may be 
used. For example, the vector may have an inner shell made up of a core complex 
comprising the RNAi and at least one complex forming reagent. 

The vector also may contain a fusogenic moiety, which may comprise a 

10 shell that is anchored to the core complex, or may be incorporated directly into the 
core complex. The vector may further have an outer shell moiety that stabilizes 
the vector and reduces nonspecific binding to proteins and cells. The outer shell 
moiety may comprise a hydrophilic polymer, and/or may be anchored to the 
fusogenic moiety. The outer shell moiety may be anchored to the core complex. 

15 The vector may contain a targeting moiety that enhances binding of the vector to a 
target tissue and cell population, Suitable targeting moieties are known in the art 
and are described in detail in WO01/49324. 

a. Preparation of RGD-targeted nanoparticles containing VEGF pathway 
siRNA: 

20 One embodiment of the present invention provides compositions and 

methods for RGD-mediated ligand-directed nanoparticle preparations of anti- 
VEGF pathway siRNA short dsRNA molecules. Figures 29 and 30 show a 
method for the manufacture of RGD-2C-mediated tissue targeted nanoparticle 
containing siRNA. The targeting ligand, RGD containing peptide 

25 (ACRGDMFGCA) is conjugated to a steric polymer such as polyethylene glycol, 
or other polymers with similar properties. This ligand-steric polymer conjugate is 
further conjugated to a polycation such as polyethyleneimine or other effective 
material such as a histidine-lysine copolymer. The conjugates can be covalent or 
non-covalent bonds and the covalent bonds can be non-cleavable or they can be 

30 cleavable such as by hydrolysis or by reducing agents. The conjugates can be 
prepared with hetero-bifunctional polymers, such as an NHS-PEG-VS 
commercially available reagent (Nektar) or hetero-bifunctional agents prepared 
for manufacturing, or with homo-bifiinctional polymers, such as NHS-PEG-NHS 
commercially available reagent (Rapp Polymere) or homo-bifunctional agents 
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prepared for manufacturing. One preferred embodiement of the present invention 
comprises use of a homo-bifunctional NHS-PEG-NHS agent, such as a reagent 
commercially available from RAPP Polymere, first to couple with an RGD-2C 
peptide prepared by solid phase synthesis and send ot couple with a polyamine 
5 containing polymer such as PEI commercially available or a histidine-lysine 
copolymer prepared by solid phase synthesis. 

Another preferred embodiment of the present invention comprises a first 
combination of an RGD-PEG-polyamine conjugate with a polyamine polymer, 
such as PEI or a histidine-lysine copolymer, and a second combination of the said 

10 polymer mixture with a second mixture of dsRNA oligonucleotides. A solution 
comprising the polymer conjugate, or comprising a mixture of a polymer 
conjugate with other polymer, lipid, or micelle such as materials comprising a 
ligand or a steric polymer or fusogen, is mixed with a solution comprising the 
nucleic acid, in one embodiment an siRNA targeted against specific genes of 

1 5 interest, in desirable ratios to obtain nanoparticles that contain siRNA. 

In this embodiment, nanoparticles are formed by layered nanoparticle self- 
assembly comprising mixing the polymer conjugate and the nucleic acid. Non- 
covalent electrostatic interactions between the negatively charged nucleic acid and 
the positively charged segment of the polymer conjugate drive the self-assembly 

20 process that leads to formation of nanoparticles. This process involves simple 
mixing of two solutions where one of the solutions containing the nucleic acid is 
added to another solution containing the polymer conjugate followed by or 
concurrent stirring. In one embodiment, the ratio between the positively charged 
components and the negatively charged components in the mixture is determined 

25 by appropriately adjusting the concentrations of each solution or by adjusting the 
volume of solution added. In another embodiment, the two solutions are mixed 
under continuous flow conditions using mixing apparatus such as static mixer 
(Figure 30). In this embodiment, two or more solutions are introduced into a 
static mixer at rates and pressures giving a ratio of the solutions, where the 

30 streams of solutions get mixed within the static mixer. Arrangements are possible 
for mixers to be arranged in parallel or in series. 

E. Combined Formulation and Electric Field 

For certain applications, RNAi may be administered with or without 
35 application of an electric field. This can be used, for example, to deliver theRNAi 
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molecules of the invention via direct injections into, lor example, tumor tissue and 
directly into or nearby an angiogenic tissue or a tissue with neovasculature. The 
siRNA may be in a suitable pharmaceutical carrier such as, for example, a saline 
solution or a buffered saline solution. 
5 The present invention, thus generally described, will be understood more 

readily by reference to the following examples, which are provided by way of 
illustration and are not intended to be limiting of the present invention. 



Examples 

10 Example 1: Tumor growth inhibition with combination use of siRNA 
duplexes targeting VEGFR2 and Bevacizumab (Avastin) against VEGF. 

Material and Methods. 

Reagents: Avastin, monoclonal antibody against VEGF (25 mg/ml, Genetech); 

15 siRNA against mouse VEGFR2, sequence ( (a) 

AAGCTCAGCACACAGAAAGAC; (b) AATGCGGCGGTGGTGAC AGTA) ; 
siRNA against luciferase (Qiagen); Avertin made of 1.5 gram 
2,2,2,Tribromoethanol and 1.5ml t-amyl alcohol (Cat# T4840-2, Cat# 24048-6, 
Aldrich) in 100 ml distill water, St. Louis, MO]. Mice: athymus female nude 

20 mice, 5 to 6 weeks old, were purchased from TACONIC and housed 

conventionally. All investigations followed guidelines of the Committee on the 
Care of Laboratory Animals Resources, Commission of Life Sciences, National 
Research Council. The animal facility of Biomedical Research Institute in 
Rockville Maryland is fully accredited by the American Association of 

25 Laboratory Animal Care. Cells: Colon carcinoma cell line, DLD-1 (CCL-221, 
ATCC) was grown in RPMI 1640 medium with 2 mM L-glutamine, 1.5 g/L 
sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES, and 1.0 mM sodium 
pyruvate, 10% fetal bovine serum. 

Procedure: 1) DLD-1 cells near confluence were harvested and resuspended in 
30 serum-free RPMI medium. 2) Mice were anaesthetized with Avertin, 0.4ml/mouse 
i.p. 3) 100 million cells in 0.1ml serum-free RPMI medium were injected into 
mice back s.c. on the left flank for establishment of xenograft tumor model. 4) 5 
days after inoculation of tumor cells, sizes of growing tumors were measured with 
a caliper. Mice were then randomly grouped into 6 groups, 8 mice per group. 5) 
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Experiment design and dosing scheme were as following. 6) siRNA was delivered 
through tail-vein injection after been formed a complex with RPP. 



Table I. Regimen of anti-angiogenesis siRNA/mAb treatment of DLD-1 tumor 
model 

Group Day-5 Day-6 Day-8 Day-9 Day-11 Day-12 Day-14 Day 

Gl - Luc-siRNA siRNA siRNA siRNA s]pj 

G2 - Avastin Avastin Avastin Avastin Avastin 

G3 - VEGFR2-siRNA siRNA siRNA siRNA siRl 

Mouse- Mouse- Mouse- 

G4 - Mouse-IgG + VEGFR2 Mouse-IgG siRNA IgG siRNA IgG siRNA IgG siR] 

G5- Avastin + Luc-siRNA Avastin siRNA Avastin siRNA Avastin siRNA Avastin siRl 

G6-Avastin+VEGFR2-siRNA Avastin siRNA Avastin siRNA Avastin siRNA Avastin siR] 



Results and Discussion 

1 . RGD ligand-directed nanoparticle carrying VEGF R2 specific siRNA dsRNA 
itself was able to achieve tumor growth inhibition after repeated systemic 

10 intravenous administrations (Figure 1) with only 2mg/kg siRNA. 

2. This siRNA-based antiangiogenesis activity (Targeting VEGF R2) was able to 
enhance the VEGF monoclonal antibody (mAb)-mediated antiangiogenesis, 
resulting further tumor growth inhibition (Figure 1). 

3. Although many biochemical pathways may be critical independently or 
15 collectively for malignant neoplasia, it is widely acknowledged that neo- 

angiogenesis is critical for growth of many types of cancers. Therefore neo- 
angiogenesis process has naturally become one of the most targeted areas for 
tumor drug development. Among many factors involved in neo-angiogenesis 
VEGF is believed an important controlling factor and one that can enable a 

20 therapeutic effect giving clinical benefit as achieved by Avastin, a monoclonal 
antibody against VEGF and demonstrated to inhibit growth of colon cancer. 
The combination of NV targeted VEGF siRNA gene inhibition shows 
evidence of being additive with an antagonist therapeutic when administrated 
in a combination protocol. 

25 4. The example shows the great benefit of using gene inhibitors and with 

antagonists such as mAb inhibitors in the same treatment regimen to improve 
the therapeutic outcome. 
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5. RT-PCR results directly demonstrated that the VEGFR2 mRNA level in the 
tumor samples treated with the nanoparticle delivered VEGFR2 specific 
siRNA has dramatically down regulated, comparing to the expression levels in 
the untreated tumors (Figure 2). 
5 6. Immunohistologicalchemistry (IHC analysis) indicated that the protein level 
knockdown has occurred for VEGFR2 and CD31 which is a marker for 
neo vasculature (Figure 3). 
7. The ELISA measurement for IFN-alpha activity in the blood samples from 
nanoparticle/VEGFR2 siRNA treatment alone, and in combination with 
10 Avastin, did not show any significant (detectable) upregulation or induction of 
IFN activity (Figure 4), indicating that the inhibition of NV and inhibition of 
tumor growth was not due to a non-specific interferon-mediated effect. 

Summary 

This example illustrates the present invention as it provides compositions 
1 5 and methods for treatment of cancer with small interferring dsRNA 

oligonucleotide gene inhibitors in combination with monoclonal antibodies (mAb) 
in the same therapeutic regimen, where the agents inhibit both expression of 
disease-causing genes and biological functions of disease-causing proteins, 
resulting in enhanced therapeutic efficacy. In addition, the example provides 
20 illustration of simultaneously blocking both the ligand (e.g. VEGF) and its 

receptor (e.g. VEGF R2) to provide effective inhibition of a particular biological 
pathway (e.g. angiogenesis pathway) thereby providing a treatment inhibiting 
disease progression. Therefore, combined applications of inhibitory activities 
contributed by two potent and targeted biological inhibitors, RNAi and mAb, is a 
25 means for effective treatment of NV diseases inlcuding cancer. 

Example 2. siRNA-mediated VEGF silencing in vitro and in vivo. 

Human VEGF 165 specific siRNA was transfected into the MCF- 
7/VEGF165 cell (hVEGF over-expression) by Lipofectamine resulting in 
30 knockdown of hVEGF mRNA in the cell (Figure 2 upper panel). Using an 
electroporation procedure, MCF-7/VEGF165 cells were transfected by 
hVEGF165 specific siRNA, resulting in down regulation of hVEGF expression as 
determined with an ELISA analysis. 
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When the hVEGF165 specific siRNA were delivered through intratumoral 
administration repeatedly, the growth of MCF-7/VEGF165 cell induced xenograft 
tumors were significantly inhibited. This inhibition was further validated when 
the tumor tissues were collected for testing hVEGF mRNA expression which 
5 resulted in significant down regulation based on RT-PCR analysis. Using the 
same hVEGF165 specific siRNA, we are also able to demonstrate tumor growth 
inhibition with head and neck squamous cell carcinoma (HNSCC, 1483 cell) 
xenograft model, through 5 repeated administrations intratumorally with seven 
day interval. Each injection requires 10 ug of the specific siRNA in 15 to 30 uL 
10 of RNAse free aqueous solution. 



Example 3. 25 basepair blunted double-stranded siRNA is more potent than 
regular 19 basepair siRNA with 3'-overhangs in silencing target gene 
expression 

15 In one of in vitro siRNA transfection studies, the MCF/1 65 breast cancer 

cells overexpressing human VEGF (hVEGF) were transfected with either 25 
basepair blunted double-stranded siRNA (hVEGF-25 -siRNA-a, hVEGF-25- 
siRNA-b, hVEGF-25-siRNA-c, Luc-25-siRNA) or 19 basepair siRNA with 3' 
overhangs (hVEGF-siRNA-a, GFP-siRNA-a) using an electroporation mediated 

20 transfection method. 4x1 0 6 MCF7/165 cells were resuspended in 200 ul of 
siPORT siRNA Electroporation Buffer (Ambion) mixed with 5 ug siRNA and 
then subjected to electroporation treatment using an Electro Square Porator 
ECM830 (BTX, Fisher Scientific). The parameters for the electroporation are: 
voltage 500 v; duration of pulse 60 us; pulse number 2; pulse interval 1 second. 

25 The transfected cells were seeded to 24-well plate at a density of 5xl0 4 cell/well 
and cultured at 37°C incubator with 5% C0 2 . At 24 hours post transfection, the 
culture media from each well were harvested and the concentration of human 
VEGF protein in the media was measured using a commercial hVEGF EKISA kit 
(R&D Systems). 

30 We observed a significant stronger hVEGF target gene inhibition in 25 

basepair hVEGF-siRNA treated cells than that in regular 19 basepair hVEGF 
siRN A treated cells. There was a more than 75% reduction of the secreted hVEGF 
protein in the culture media of cells transfected with 25 basepair blunted double- 
stranded hVEGF-25-siRNA molecules at 24 hours post siRNA transfection, 

35 compared to an about 60% hVEGF protein reduction observed in cells transfected 



37 



WO 2006/110813 PCT7US2006/013645 
with regular 19 basepair hVEGF-siRNA-a. Both non-specific sequence control 25 
basepair blunted double-stranded siRNA (Luc-25 -siRNA) or regular GFP-siRNA 
with 3' - overhangs did not affect VEGF expression under the same siRNA 
transfection condition (Figure 7). 

5 

Example 4. 25 basepair blunted double-stranded siRNA mediated an 
elongated target gene silencing 

In another one of in vitro siRNA transfection studies, the MCF/165 breast 
cancer cells overexpressing human VEGF (hVEGF) were transfected with either 
1 0 25 basepair blunted double-stranded siRNA (hVEGF-25 -siRNA-a, hVEGF-25- 
siRNA-b, hVEGF-25-siRNA-c, Luc-25-siRNA) or 19 basepair siRNA with 3' 
overhangs (hVEGF-siRNA-a, GFP-siRNA-a) using an electroporation mediated 
transfection method. 4xl0 6 MCF7/165 cells were resuspended in 200 ul of 
siPORT siRNA Electroporation Buffer (Ambion) mixed with 2 ug or 5 ug siRNA 
1 5 and then subjected to electroporation treatment using an Electro Square Porator 
ECM830 (BTX, Fisher Scientific). The parameters for the electroporation are: 
voltage 500 v; duration of pulse 60 us; pulse number 2; pulse interval 1 second. 
The transfected cells were seeded to 24-well plate at a density of 5x1 0 4 cell/well 
and cultured at 37°C incubator with 5% C0 2 . At 24, 48, 72, 96, and 120 hours 
20 post transfection, the culture media from each well were harvested and replaced 
with fresh culture media. The concentration of human VEGF protein in the media 
harvested at various time points was measured using a commercial hVEGF 
EKISA kit (R&D). The siRNA mediated hVEGF knockdown was normalized 
with the hVEGF protein levels measured in cells treated with respective non- 
25 specific control siRNA. 

We observed a significant stronger and elongated hVEGF target gene 
inhibition in 25 basepair hVEGF-siRNA treated cells than that in regular 19 
basepair hVEGF siRNA treated cells at every time points tested. At 120 hours 
post siRNA treatment, there was still a more than 60% reduction of the secreted 
30 hVEGF protein in the culture media of cells transfected with 5 ug of 25 basepair 
blunted double-stranded hVEGF-25 -siRNA molecules, compared to an less than 
20% hVEGF protein reduction observed in cells transfected with 5 ug of regular 
19 basepair hVEGF-siRNA-a (Figure 8). We also observed a dose-dependent 
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siRNA mediated hVEGF gene inhibition for the 25 basepair blunted double- 
stranded hVEGF-25-siRNA molecules. 

Base on our observation, the 25 basepair blunted double-stranded hVEGF- 
25-siRNA molecules not only gives a stronger target VEGF gene inhibition, but 
5 also results in a significant longer duration of effective target VEGF gene 

inhibition. For example, compared to only 48 hours of more than 60% hVEGF 
protein reduction achieved using 5 ug of regular 19 basepair hVEGF siRNA, at 
least 120 hours of more 60% reduction of protein was achieved using 25 basepair 
blunted double-stranded hVEGF siRNA. Therefore, the 25 basepair blunted 
1 0 double-stranded siRNA are more potent target gene inhibitor that can lead to more 
significant therapeutic efficacy. 

Additional information include (1) Luc-25-siRNA has the sequence of 
(sense strand 5 '-rGGAACCGCUGGAGAGCAACUGCAUA-3 ' and antisense 
strand 

15 5'-rCCUUGGCGACCUCUCGUUGACGUAU-3'); (2) hVEGF-siRNA-a 

has the sequence of (sense strand, 5'-rUCGAGACCCUGGUGGACAUdTT-3' 
and antisense strand, 5'-rAUGUCCACCAGGGUCUCGAdTT-3'); (3) GFP- 
siRNA has the sequence of (sense strand, 5'- 
rGCUGACCCUGAAGUUCAUCdTT-S' and (antisense strand, 5'- 

20 rGAUGAACUUCAGGGUCAGCdTT-3'); (4) hVEGFR2-25-siRNA-c: 5'- 
r(CCAAGUG AUUG AAGC AGAUGCCUUU)-3 ' . 

Example 5. 25 base pair blunted double-stranded siRNA efficiently 
knockdown human VEGFR1 and VEGFR2 expression in vitro. 

25 Three 25 base pair blunted double-stranded siRNA specifically targeting 

human VEGFR1 were transfected in FfUVEC cells through electroporation. The 
membrane bound VEGFR1 and free extra cellular fragment of VEGFR1 were 
measured 96 hours post transfection, through ELISA assay. The VEGFR1 -siRNA 
duplex a demonstrated the strongest VEGFR1 silencing activity, compared to two 

30 other siRNA, for both cell lysate protein and the free fragments in the cell culture 
supernatant solution (Figure 9 and 10). When using the same approach to 
evaluate three 25 base pair blunted double-stranded siRNA targeting human 
VEGFR2 gene, we found all three duplexes exhibiting potent silencing activity at 
both 24 hours and 72 hours post transfection time points (Figure 1 1). 
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Example 6. 25 basepair blunted double-stranded siRNA mediated strong 
anti-tumor efficacy in MDA-MB-435 xenograft tumor 

25 basepair long siRNA duplex targeting human VEGF165 gene sequence 
5 demonstrated strong activity of tumor growth inhibition, after three repeated 
intratumoral administrations of 10 pg every 5 days (Figure 12), using a MDA- 
MB-435 breast carcinoma cell line known having high expression of VEGF and 
bFGF proteins. 

10 Example 7. siRNA cocktail targeting VEGF, VEGFR1 and VEGFR1 genes is 
more potent than any of the individual siRNA targeting only on of those 
genes in HSV induced ocular neuvascularization model. 

Recently, we demonstrated that the siRNA cocktail containing siRNA 
targeting VEGF, VEGFR1 and VEGFR2 can achieve more potent 

15 antiangiogenesis efficacy than only targeting one of those genes, at the same 
dosage, in the animal disease model. Using this approach, we are able to 
efficiently block the VEGF pathway which plays the key role for pathological 
angiogenesis (Figure 13). 

HSV DNA that contains abundant potentially bioactive CpG-containing 

20 motifs can induce the potent angiogenesis factor vascular endothelial growth 
factor (VEGF) and that neutralization of VEGF with antibody minimized HSV- 
induced angiogenesis. A convenient model was also established in which 
bioactive CpGcontaining oligodeoxynucleotides (ODNs) were also shown to 
induce neovascularization via the induction of VEGF. This model is used in the 

25 present study to evaluate the therapeutic potential of RNA interference (RNAi) to 
suppress VEGF expression and responsiveness. 

Material and Methods 
Reagents 

30 Phosphorothioate ODNs were kindly provided by Dennis M. Klinman 

(Biologies Evaluation and Research, Food and Drug Administration, Washington, 
DC). The sequences of stimulatory ODNs used in this study were: 1466, 
TCAACGTTGA, and 1555, GCTAGACGTTAGCGT. Subsequent studies were 
performed using an equimolar mixture of ODNs 1466 and 1555. Molecular 

35 Design of Gene Targets and siRNA Three mVEGF pathway factors, mVEGF A 
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and two mVEGF receptors (mVEGFRl and mWHUbKl), were targeted by RNAi. 
For each gene target, two target sequences were assigned at different locations on 
the same mRNA. siRNA were designed correspondent to the above target 
sequences. These siRNA were designed according to the guideline proposed by 
5 Tuschl. 1 4, 1 5 The designed siRNA (duplexes of sense and anti-sense strands) 
were synthesized by Qiagen (Valencia, CA). All siRNA were 21 -nucleotides long 
doublestranded RNA oligos with a twonucleotide (TT) overhang at the 3_ end. 
The targeted sequences of mVEGFA were (a) AAGCCGTCCTGTGTGCCGCTG 
and (b) AACGATGAAGCCCTGGAGTGC. 
1 0 The targeted sequences of mVEGFRl were: 

(a) AAGTTAAAAGTGCCTGAACTG and 

(b) AAGCAGGCCAGACTCTCTTTC. The targeted sequences of mVEGFR2 
were (a) AAGCTCAGCACACAGAAAGAC and (b) 

ATGCGGCGGTGGTGACAGTA. The synthesis of unrelated siRNA controls, 
15 two target sequences each for LacZ and firefly luciferase were used. They were 
LacZ (a) AACAGTTGCGCAGCCTGAATG and (b) 

AACTTAATCGCCTTGCAGCAC, Luc (a) AAGCTATGAAACGATATGGGC 
and (b) AACCGCTGGAGAGCAACTGCA. Subsequent studies were conducted 
using an equimolar mixture of a and b for individual siRNA. 

20 

Mice Female BALB/c mice (H-2d), 5 to 6 weeks old, were purchased from 
Harlan Sprague-Dawley (Indianapolis, IN) and housed conventionally. All 
investigations followed guidelines of the Committee on the Care of Laboratory 
Animals Resources, Commission of Life Sciences, National Research Council. 
25 The animal facilities of the University of Tennessee (Knoxville, TN) are fully 
accredited by the American Association of Laboratory Animal Care. 

Virus HSV-1 strain RE (kindly provided by Dr. Robert Lausch, University of 
Alabama, Mobile, AL) was used in all of the procedures. Virus was grown in 
30 Vero cell monolayers (catalog no. CCL8 1 ; American Type Culture Collection, 
Manassas, VA), titrated, and stored in aliquots at _80°C until used. In Vitro 
Efficacy of siRNA 

To test the efficacy of RNAi in vitro, the following cell lines were used. 
RAW264.7 gamma NO cells (CRL-2278,ATCC) were used to test the efficiency 
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of siVEGFAspecilic knockdown of VEGFA gene that is spontaneously expressed 
in these cells. The cells were plated in a six-well plate in RPMI with 10% fetal 
bovine serum overnight at 37°C in 5% C02. One day after cell plating, the cells 
were transfected with different concentrations of siVEGFA or siLuc (at 0, 0.1, 0.5, 
5 1.0, or 2.0 _g/2 ml/well, respectively) using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA). Twenty-four hours later RNA from these cells was extracted for 
reverse transcriptase-polymerase RNA Extraction and RT-PCR). SVR cells 
(CRL-2280, ATCC) were used to test the efficiency of siVEGFRl -specific 
knockdown of VEGFR1 gene that is constitutively expressed on these cells. The 
10 cells were plated in a six-well plate in Dulbecco's modified Eagle's medium with 
5% fetal bovine serum overnight 

at 37°C in 5% C02. One day after cell plating, the cells were transfected with 
different concentrations of siVEGFRl or siLuc (at 0, 0.1, 0.5, or 1.0 _g/2 ml/well, 
respectively) using Lipofectamine 2000. Forty-eight hours later RNA from these 

1 5 cells was extracted for RSPCR to detect VEGFR1 (see RNA Extraction and 

NATemplate-Specific PCR) (RS-PCR). The 293 cells (CRL-1573, ATCC) were 
used to transfect with mVEGFR2 -expressing plasmid for the detection of 
knockdown of exogenous mVEGFR2. The cells were plated in a six-well plate in 
Dulbecco's modified Eagle's medium with 5% fetal bovine serum overnight at 

20 37°C in 5% C02. One day after cell plating, the cells were cotransfected with 

plasmid pCI-VEGFR2 (0.2 _g/2 ml/well) and siVEGFR2 (a, b, a _ b), or siLuc (0, 
0.1, 0.5, or 1.0_g/well, respectively) using Lipofectamine 2000. Fortyeight hours 
later RNA from these cells was extracted for RS-PCR to detect VEGFR2. 

25 Corneal Micropocket Assay 

The corneal micropocket assay used in this study observed the general protocol of 
Kenyon and colleagues. Pellets for insertion into the cornea were made by 
combining known amounts of CpG ODNs, sucralfate (10 mg, Bulch Meditec, 
Vaerlose, Denmark), and hydron polymer in ethanol (120 mg/1 ml ethanol; 

30 Interferon Sciences, New Brunswick, NJ). and applying the mixture to a 15 mm 2 
piece of synthetic mesh (Sefar America, Inc., Kansas City, MO). The mixture was 
allowed to air dry and fibers of the mesh were pulled apart, yielding pellets 
containing CpG ODNs. The micropocket was made under a stereomicroscope 
(Leica Microsytems, Wetzlar, Germany) (four eyes per group) and pellets 
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containing CpG ODNs were inserted into the micropocket. Angiogenesis was 
evaluated at days 4 and 7 after pellet implantation by using calipers (Biomedical 
Research Instruments, Rockville, MD) with a stereomicroscope. The length of the 
neovessels originated from the limbal vessel ring toward the center of the cornea 
5 and the width of the neovessels presented in clock hours were measured.4 Each 
clock hours is equal to 30° at the circumstance. The angiogenic area was 
calculated according to the formula for an ellipse. 

In Vivo Delivery ofsiRNA 
10 Limbus was monitored at both day 4 and 7 after pellet implantation. Significant 
inhibition of corneal neovascularization resulted with all three test siRNA 
compared to those given control siLacZ at day 4 after pellet implantation (p < 
0.05). The combination of the three tested siRNA was the most effective inhibitor, 
providing an approximately 60% reduction in neovascularization (p < 0.01). 

15 

Inhibition of CpG-induced neovascularization by systemic delivery ofsiRNA 
targeting VEGF-pathway> genes. 

To test the anti-angiogenic effect of targeted individual siRNA and the 
efficiency of systemic siRNA delivery, mice with CpG ODN-containing 

20 micropockets were given a single dose i.v. of 40 ug siRNA containing either 

siVEGFA, siVEGFRl, siVEGFR2, a mix of the three, or control siLacZ 6 and 24 
h post pellet implantation. In these experiments a polymer ("Targetran") was used 
that was shown in previous studies on tumor angiogenesis to facilitate 
extravascular delivery of siRNA. At day 4 and 7 after pellet implantation, the 

25 extent of angiogenesis was measured. All reagents used individually induced 

significant inhibition of neovascularization compared to the siLacZ treated group 
at day 4 after pellet implantation (p < 0.05). As observed with local administration, 
the mix of the three test reagents provided the most effective inhibition (average 
40% inhibition, p < 0.01). In additional experiments, the function of the polymer 

30 vehicle was evaluated by comparing the anti -neovascularization activity of the test 
mix suspended in polymer or given in PBS. These experiments revealed that the 
use of the polymer vehicle resulted in more effective anti 16 neovascularization 
than was evident when the PBS vehicle was used although result was only 
significant at the early test period (p < 0.05). The results demonstrate that ocular 
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neovascularization can be controlled by the i.v. administration of siRNA that 
target the VEGF system genes and that the use of the RGD-mediated dsRNA 
nanoparticle delivery enhanced the efficacy of the therapeutic effect. 

To determine the efficient anti-angiogenic dose of siRNA in systemic 
5 delivery, mice with CpG ODN-containing micropockets were given a single dose 
i.v. of 10, 20, 40, 80 jug siRNA containing a mix of the siVEGFA, siVEGFRl and 
siVEGFR2, or control siLuc with TargeTran vehicle at 6 and 24 h post pellet 
implantation. A administration of siRNA inhibited CpG induced angiogenesis in a 
dose dependent manner. 

10 

Therapeutic application of siRNA against VEGF-pathway genes in the HSK 
model. 

Previous studies have shown that VEGF is the critical angiogenic factor 
for induction of HSV specific angiogenesis in the HSK model. To evaluate 

15 whether administration of siRNA targeting VEGF-pathway genes inhibits the 

development of HSK, the corneas of mice were scarified and infected with 1-105 
HSV-1 RE. Then mice were given a single dose of 10 (ag (subconjunctival 
injection for local delivery) or 40 ug (tail vein injection for systemic delivery) mix 
of siRNA (an equimolar mixture of siVEGFA, siVEGFRl, and siVEGFR2) with 

20 polymer vehicle at day 1 and 3 after virus infection. As shown in Fig. 4, the 

angiogenesis and severity of HSK was significantly reduced in mice treated with 
siRNA targeting VEGF-pathway genes either locally or systemically compared to 
animals treated with siLuc control (p < 0.05). Whilst 80% of siLuc control treated 
eyes developed clinically evident lesions (score 2 or greater at day 10 p.i.), only 

25 42% (local delivery) or 50% (systemic delivery) of eyes treated with siRNA 

targeting VEGFpathway genes developed such lesions. In addition by day 10 p.i., 
the angiogenesis score was greater than 6 in 9 of 12 control eyes, but only in 5 of 
12 eyes of mice treated with siRNA against VEGF-pathway genes by either local 
or systemic delivery. Taken together these results show that administration of 

30 siRNA against VEGF-pathway genes reduced development of HSK via inhibition 
of angiogenesis. 

Example 8. siRNA cocktail targeting VEGF, VEGFR1 and VEGFR1 genes 
very potent anti-angiogenesis agent in ROP ocular neuvascularization model. 

35 
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Neovascularization in the eye is associated with various disorders, often 
causing severe loss of vision and eventually blindness. Among these disorders, 
diabetic retinopathy (DR), age-related macular degeneration (AMD) , retinal vein 
occlusion (RVO) and retinopathy of prematurity (ROP) are prevalent. The 
5 imbalance of stimulatory factors and inhibitory factors result in NV (NV) and 
vascular endothelial growth factor (VEGF) is the most important factor of 
stimulatory factors which cause vascular permeability, dilation and endothelial 
cell migration , proliferation' 11 . 

RNA interference (RNAi) is the process of sequence-specific post- 
10 transcriptional gene silencing in a wide range of organisms , initiated by double 
stranded RNA (dsRNA) that is homologous in sequence to the targeting gene. In 
this example, small interference dsRNA oligonucleotides (siRNA) targeting 
VEGF path ways were used to inhibition NV induced by oxygen-induced 
retinopathy. 

15 

Materials and methods 

The design and synthesize of siRNA 

siRNA was kindly provided by Intradigm Corporation. Three mVEGF pathway 
factors, mVEGF A and two mVEGF receptors (mVEGFRl and mVEGFR2) were 
20 targed by RNAi and called siMix. The siRNA targeting lucifercase was called 
siLuc as control. 



Mouse model of oxygen induced retinal neovascularization 

The model we used (Smith et al. [2] ) imitates retinopathy of prematurity. On 

25 postnatal day seven (P7) the mice and their nursing mother were placed in an 

airtight incubator (own production) ventilated by a mixture of oxygen and air to a 
final oxygen fraction of 75 □ ± 2%. Oxygen levels were checked at least 3 times a 
day. On P12 the mice were returned to room air. On PI 7 the animals were 
\ sacrificed. 

30 
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Mice 

The C57BL/6 mice were purchased from center of experimental animal of 
Guangzhou Medical college and Guangzhou University of traditional Chinese 
Medicine.All investigations followed guidelines of the Committee on the Care of 
5 Laboratory Animals Resources, Commission of Life Science, National Research 
Council. 

In vivo delivery of siRNA 

For local delivery, siMix (4ug/2ul per eye) was delivered subconjunctival^ or 
10 intravitreally in the left eye and siLuc (4ug/2ul per eye) in the right eye by a 32- 
gauge Hamilton syringe (Hamilton Co, Revo, NV) on PI 2 and PI 3 under deep 
anesthesia. For systemic administration, siRNA (15ug/50|ul per mouse) was mixed 
with the RGD-PEG-PEI polymer conjugate preparation (TargeTran) and delivered 
intraperitoneally on P12 and P13. 

15 

Retinal angiography [4] 

On P17 the animals were sacrificed by cardiac perfusion with a solution of 50 
mg/ml fluorescein-labeled dextran in sodium chloride as described previously, 
Both eyes were enucleated and fixed for 0.5-1 h in 10% buffered formaldehyde at 

20 room temperature. The anterior segment was cut off and the neurosensory retina 
carefully removed. The retina was cut radially and flat mounted in glycerin, 
photoreceptors facing downward. A cover slip was placed over the retina and 
sealed with nail polish. Retinal whole mounts were examined by fluorescence 
microscopy. The areas of retinal NV were measured by soft Image-Pro Plus 

25 □MediaCybernetics J USAa 

Cryosection [ 5] 

Eyes were removed and frozen in optimal cutting temperature embedding 
compound (Miles Diagnostics). Ocular frozen sections (lOum) were 
30 histochemically stained with biotinylated GSA. Slides were incubated in 

methanol/H202 for 10 min at 4 □, washed with 0.05 M Tris-buffered saline 
(TBS), pH 7.6, and incubated for 30 min in 10% normal bovine serum. Slides 
were incubated 1 h at 37 □ with biotinylated GSA and after rinsing with 0.05 M 
TBS, they were incubated with avidin coupled to alkaline phosphatase (Vector 
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Laboratories) for 45 min at room temperature. After being washed for 10 min with 
0.05 M TBS, slides were incubated with diaminobenzidine to give a brown 
reaction product and were counterstained with eosin , mounted with Cytoseal. To 
perform quantitative assessments, 10 urn serial sections were cut through entire 
5 eyes, and starting from the 1st section that contained iris and extending to the last 
section on the other side of the eye that contained iris, every tenth section was 
stained with GSA and total 15 sections were statined. GSA-stained sections were 
examined with an microscope, and images were digitized using a digital color 
video camera. Image-Pro Plus software (Media Cybernetics, Silver Spring, MD, 
10 USA) was used to delineate GSA-stained cells on the surface of the retina and 

their area was measured. For local injection the total measurements from each eye 
was used as a single experimental value. For systemic injection the mean of both 
eyes of a mouse was used as a single experimental value. 



15 RT-PCR 

On P14 and PI 7 the mouse were sacrificed and total RNA was extracted 
from retinae with TRIzol reagent (Invitrogen, USA). Total RNA was quantified at 
a ratio of 260 to 280 nm and 2ug RNA was converted to cDNA via cDNA 
synthesis Kit (Fermentas, USA). RT-generated cDNAs encoding VEGF , 

20 VEGFR1, VEGFR2 and b-actin (acting as a control of RNA integrity and as an 
internal standard) were amplified with RT-PCR.Amplification of 1 .5ul of cDNA 
was performed with lul sense and antisense and 2.5 U of Taq polymerase. The 
oligonucleotide primer sequences are: mVEGF (43 0bp)D forward 5' — GAT GTC 
TAC CAG CGA AGC TAC TGC CGT CCG---3' Dreverse 5'— GAA CAT CGA 

25 TGA CAA GCT TAG GTA TCG ATA caa get gec teg cct tg —3 ' DmVEGFRl 
(404bp)Dforward 5'— GTC AGC TGC TGG GAC ACC GCG GTC TTG CCT - 
-3'D reverse 5'— GAA CAT CGA TGA CAA GCT TAG GTA TCG ATA tag att 
gaa gat tec gc — 3 ' □mVEGFR2 (485bp)Dforward 5'-TGG CTG GTC AAA CAG 
CTC ATC-3' Dreverse 5'-CTC ATC CAA GGG CAA TTC ATC-3 'DDp-actin 

30 (232bp) Dforward 5 '-CAT TGT GAT GGA CTC CGG AGA CGG-3 ' Dreverse 5 ' 
- CAT CTC CTG CTG AAG TCT AGA GC-3'. 
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ELISA for VEGF and VEGFL VEGFR2 

On P14 and PI 7 the mouse were sacrificed and retinae were extracted 
quickly on ice. Samples were homogenized in a cell lysis buffer (Mammalian cell 
lysis Kit, Biotechnology Department Bio Basid Inc,Canada) and were 
5 subsequently centrifuged at 12,000 rpm for 30 min. The supernatants were 

analyzed for protein concentrations via the BCA protein quantitative analylis Kit 
(Shenery Biocolor Bioscience & Technolgy Company, China). Samples were 
diluted to a final concentration of 1 mg/ml. Levels of VEGF, VEGFR1, and 
VEGFR2 were determined using the Quantikine M Murine VEGF, sVEGFRl, 
10 and sVEGFR2 Immunoassay Kits, respectively (R&D Systems Inc., Minneapolis, 
MN). Six to 12 tissue samples were analyzed for each group and time point. 



Results and Discussion 

Fluorescein angiographic assessment of the effect of siRNA on retinal NV 

15 The retinas of the normal P17 mouse had both superficial and deep 

vascular layers (joined by connecting vessels) that extended from the optic nerve 
to the periphery. Retinas from P17 control mouse exposed to hyperoxia contained 
many neovascular tufts (high fluorescein) extending from the surface of the retina 
at the junction between the perfused and nonperfused retina. After 

20 subconjunctival injection of siLuc or siMix the retinas also had many NV, the 
areas had no obvious differences. Whereas the areas of NV after intravitreal and 
intraperitoneal injection of siMix were significant less than the control. 
Assessment of effects of siRNA by histologic quantitation of retinal NV 

Retinal NV was also assessed histologically by measured the GSA- 

25 positive cells( neovascularization) anterior to the internal limiting membrane 
(ILM). Retinas of P17 normoxic mice had superficial, middle, deep vessels and 
contained no endothelial cells anterior to the ILM. Retinas of PI 7 mice subjected 
to hyperoxia contained multiple neovascular tufts on the suface with some 
extending into the vitreous. Retinas of mice treated with subconjunctival injection 

30 of siLuc or siMix had no difference with the areas of NV. The areas of NV after 
intravitreal and intraperitoneal injection of siMix were obviously reduced 
compared to siLuc injection. 
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Decreased level of VEGF , VEGFR1. VEGFKZ mKJNA alter intravitreal and 
intraperitoneal injection of siRNA 

To address whether treatment of siRNA against VEGF pathway genes 
5 reduces the levels the VEGF, VEGFR1 ,VEGFR2 mRNA, retinas were collected 
on P14 and P17 after intravitreal and intraperitoneal injection of siRNA. The 
mRNA levels were measured by RT-PCR The expression of 
VEGF, VEGFR1 ,VEGFR2 mRNA were reduced in the retinas treated with siMix 
against VEGF pathway genes compared to the control retinas treated with 
10 siLuc(p<0.05). 

Decreased expression of VEGF.VEGFR1 . VEGFR2 protein levels after 
intravitreal and intraperitoneal application of siRNA 

1 5 To evaluate whether treatment of siRNA targeting VEGF pathway genes 

diminishes the production of VEGF, VEGFR1, VEGFR2 protein, ELISA was 
used to measure VEGF, VEGFR1, VEGFR2 protein in siRNA-treated retinas on 
P14 and PI 7. As shown in tablel and 2, VEGF, VEGFR1, VEGFR2 protein levels 
were lower in those that received siMix compared controls given with siLuc. 

20 Imbalance in the demand and supply of oxygen and nutrients is the 

initiating factor of neovascularization which induces upregulation of VEGF. 
VEGF is not only the potent mitogenic factor for endothelial cells; it also induces 
vascular permeability and dilation .These biological activities are mediated by 
bing VEGF to high-affinity transmembrane autophosphorylating tyrosine kinase 

25 receptors [5] . Three distinct VEGF receptors have been identified , namely 

VEGFRl(fms-like tyrosine kinase- 1 or Flt-1), VEGFR2 (kinase insert domain- 
containing receptor or KDR) and VEGFR3 (fins-line tyrosine kinse-4 or Flt- 
4).VEGFR1 and VEGFR2 are predominantly expressed on vascular, VEGFR3 on 
lymphatic endothelium 1 - 61 . Increased intravitreal and intraretinal levels of VEGF 

30 are associated with retinal neovascularization not only in animal model but also 
in patients with ischemic retinopathy. These data suggest that VEGF signaling is a 
good target for treatment of retinal neovascularization' 51 . 

Oxygen-induced retinopathy in mice is widely recognized in the world. 
Eric AP et al [7] had reported that the mRNA levels of VEGF increased 

35 dramatically between 6 to 12h after hypoxia and remained elevated for several 
days and then decreased toward baseline with regression of retinopathy. So we 
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delivered siRNA on P12 and P13 in odrder to interfere the synthesize of VEGF 
before upregulation. The results of whole mount and cryosection had proved that 
the NV areas of retinas treated with intravitreal and intraperitoneal injection of 
siMix were less than injection of siLuc. That is siMix can obviously inhibit retinal 
5 NV. To explore the mechanism the retinal VEGF, VEGFR1 and VEGFR2 
expressions on P14 and P17 were examined and the mRNA and protein levels 
were lower than the siLuc controls. These suggested it is through inhibiting VEGF 
pathway genes that siMix inhibit retinal NV. 

However there is no distinct defference after subconjuctival injection, so it 

10 is concluded that it hadn't achieved the effective concentration in local. After 
intravitreal injection there was high concentration of siRNA in vitreous and 
siRNA was transfected into retinal neovascular endothelial cells. But this injection 
can result in intraocular hemorrhage and endophthalmitis et al . Intraperitoneal 
injection is relative safe and siRNA can be absorbed into blood through abundant 

15 celiac capillary. But siRNA are easily trapped in the nonspecigic organs including 
liver, lungs, and spleen. So how to enhance the transfecting efficiency of siRNA is 
very important. The vehicle TargeTran is composed of polyethylene imine (PEI), 
polyethylene glycol (PEG) and arginine-glycine-aspartate peptide sequences 
(RGD). PEI binds to negative charges in phosphates of the siRNA. RGD motif 

20 has been identified as an integrin ligand of activated endothelial cells. Endothelial 
cells express a number of different integrins and integrin <xvp3 and<x5pi have been 
shown to be important during angiogenesis .Both integrins are the receptor for 
matrix proteins with an exposed RDG tripeptide moiety and arc most prominent 
on activated endothelial cells during angiogenesis. Thus the application of 

25 Targetran can improve the trnasfecting efficiency of siRNA. Kim B et al [8] had 
reported the subconjunctival and intravenous injection of siMix can inhibit the 
CPG induced the corneal neovascularization in mice. It may also apply to other 
neovascular diseases. 



30 Example 9. Ligand directed nanoparticle siRNA can be specifically delivery 
into tumor with systemic administration 

This self-assembled siRNA nanoparticle has demonstrated the neuvasculature 
targeting property when they were systemically administrated through IV 
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injection. The tumor specific targeting capability of this siKJNA nanoparticle 
system has been revealed with a Luciferase report gene system. 



Example 10. Ligand directed nanoparticle siRNA is potent anti-tumor agent 
5 validated in mouse syngenic model (neuroglioblastoma) 

Tumor targeted delivery of siRNA using the targeted nanoparticle system from iv 
administration is demonstrated using fluorescently labeled siRNA packaged in 
RGD-PEG-PEI nanoparticle. 
Mouse tumor model 

10 Female nude mice (6-8 weeks of age) were obtained from Taconic 

(Germantown, NY), kept in fdter-topped cages with standard rodent chow and 
water available ad libitum, and a 12 h light/dark cycle. Experiments were 
performed according to national regulations and approved by the local animal 
experiments ethical committee. Subcutaneous N2A tumors were induced by 

15 inoculation of 1 x 106 N2A-cells in the flank of the mice. At a tumor volume of 
approximately 0.5-1 cm3, mice received nanoplexes or free siRNA by i.v. 
injection of a solution of 0.2 ml via the tail vein. 40 |ig fluorescently-labeled 
siRNA was injected in the free form or as PEI- or RGD-PEG-PEI -nanoparticle. 
One hr after injection, tissues were dissected and examined with a dissection 

20 microscope fitted for fluorescence. Microscopic examination of tissues was 
performed with an Olympus SZX12 fluorescence microscope equipped with 
digital camera and connected to a PC running MagnaFire 2.0 camera software 
(Optronics, Goleta, CA). Pictures were taken at equal exposure times for each 
tissue. 

25 Result: Intravenous injection by tail vein of free fluorescent labeled siRNA 

did nor show any significant accumulation in lung, liver or tumor tissue. SiRNA 
delivered using PEI-nanoparticle showed highest accumulation in the lung tissue 
followed by liver and tumor. SiRNA delivered using RGD-PEG-PEI nanoparticle 
showed highest level of accumulation in tumor tissue. There was a considerable 

30 reduction in lung accumulation compared to PEI-nanoparticles and very little 
accumulation in liver. This experiment demonstrate tumor targeted delivery of 
siRNA using RGD-PEG-PEI nanoparticle. anti-angiogenesis and 

RNAi mediated inhibition of tumor angiogenesis and tumor growth were 
studied using tumor targeted nanoparticle formulation containing siRNA targeted 



51 



WO 2006/110813 PCT7US2006/013645 
against VEGFR2. Subcutanious tumor bearing mice were treated by intravenous 
injection of the nanoparticle formulation at a dose of 40ug siRNA per injection. 
Injections were repeated every third day and growth of the tumor was evaluated 
and compared with animals treated with control formulations. Inhibition of the 
5 angiogenesis was evaluated at the end of the experiment. 
Mouse tumor model 

Female nude mice (6-8 weeks of age) were obtained from Taconic 
(Germantown, NY), kept in filter-topped cages with standard rodent chow and 
water available ad libitum, and a 12 h light/dark cycle. Experiments were 

10 performed according to national regulations and approved by the local animal 
experiments ethical committee. Subcutaneous N2A tumors were induced by 
inoculation of 1 x 10 6 N2A-cells in the flank of the mice. At a tumor volume of 
approximately 0.5-1 cm 3 , mice received nanoplexes or free siRNA by i.v. 
injection of a solution of 0.2 ml via the tail vein. The nanoparticle formulations 

15 containing siRNA were prepared by simple mixing of siRNA solutions with 
polymer solution at given N/P ratio. 

For the tumor growth inhibition studies, the experiment was started when 
the tumors became palpable, at 7 days after inoculation of the tumor cells. 
Treatment consisted of 40 u.g siRNA per mouse in RPP-nanoplexes every 3 days 

20 intravenously via the tail vein. Tumor growth was measured at regular intervals 
using a digital caliper by an observer blinded to treatment allocation. Each 
measurement consisted of tumor diameter in two directions approximately 90 
degrees apart. Tumor volume was calculated as, 0.52 x longest diameter x 
shortest diameter 2 . At the end of the experiment, the animals were sacrificed and 

25 tumor tissue and surrounding skin was excised and put on a microscopy glass 

slide. Tissue examination for vascularization and angiogenesis was performed by 
microscopy using the Olympus microscope and camera equipment described 
above for fluorescent tissue measurements. Tissue was trans-illuminated to 
visualize blood vessels in the skin and a digital image was taken and stored as 

30 described above. Tissue was snap frozen immediately thereafter for Western 
blotting. 

Result: Significant tumor growth inhibition was observed for animals 
treated with nanoparticle formulations containing VEGFR2 siRNA. Animals 
treated with non-specific siRNA did not show any substantial tumor growth 
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inhibition compared to untreated animals. Significant inhibition of blood vessel 
growth was observed around the tumor tissue indicating the inhibition of 
angiogenesis in the VEGFR2-siRNA treated mice. Mice treated with control 
siRNA showed similar blood vessel growth as the untreated animals. Western blot 
5 analysis of the tumor lysate collected from animals of different treatment groups 
showed substantial reduction of VEGFR2 in VEGFR2-siRNA treated animals 
whereas no reduction in VEGFR2 was observed in control siRNA treated animals. 
These experiments clearly demonstrate the delivery of siRNA into tumor tissue 
from intravenous administration. Effectiveness of VEGFR2 siRNA packaged in 

10 the RGD-PEG-PEI nanoparticle to inhibit tumor growth in renal cell carcinoma 
model was studied using a 786-0 xenograft tumor model. An experimental 
procedure similar to example 7 was used in this study. Briefly, female nude mice 
(6-8 weeks of age) were obtained from Taconic (Germantown, NY). 
Subcutaneous 786-0 tumors were induced by inoculation of 5 x 106 786-0 cells 

15 in the flank of the mice. At a tumor volume reached approximately 100mm3, 
treatment was started by i.v. injection of a solution of VEGFR2-siRNA in RGD- 
PEG-PEI nanoparticle via the tail vein. Control treatment groups received 
nanoparticles containing non-specific siRNA or saline. Treatment was repeated 
for several days with injections every three days. Tumor volume was measured 

20 once every three days as described in example 7. Result: Significant tumor growth 
inhibition was observed for animals treated with VEGFR2-siRNA nanoparticle 
formulation. No significant tumor growth inhibition was observed for animals 
treated with control siRNA nanoparticles. This experiment demonstrates that the 
VEGFR2 siRNA delivered by tumor targeted nanoparticle formulation can 

25 achieve tumor growth inhibition. 

The ligand directed siRNA nanoparticles were systemically administrated 
into a C57 mouse model with subcutaneous inoculation of N2A glioblastoma cells 
for evaluation of the impact of VEGF knockdown on the tumor angiogenesis 
activity. Female nude mice (6-8 weeks of age) were obtained from Taconic 

30 (Germantown, NY), kept in filter-topped cages with standard rodent chow and 
water available ad libitum, and a 12 h light/dark cycle. The experiments were 
performed according to national regulations and approved by the local animal 
experiments ethical committee. Subcutaneous N2A tumors were induced by 
inoculation of 1 X 10 6 N2A cells in the flank of the mice. At a tumor volume of 
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0.5-1 cm3, mice received nanoplexes or free siRNA by i.v. injection of a solution 
of 0.2 ml via the tail vein. The nanoplex solutions were prepared as above, at N/P 
ratio of 2. For tissue distribution experiments, 40 mg fluorescently labeled siRNA 
was injected in the free form or as P- or RPP-nanoplexes. One hour after injection, 
5 the tissues were dissected and examined with a dissection microscope fitted for 
fluorescence. Microscopic examination of tissues was performed with an 
Olympus SZX12 fluorescence microscope equipped with digital camera and 
connected to a PC running MagnaFire 2.0 camera software (Optronics, Goleta, 
CA). Pictures were taken at equal exposure times for each tissue. 

10 In the co-delivery experiments, plasmid and siRNA were mixed in a 1 : 100 

molar ratio, respectively (40 mg pLuc with 13 mg siRNA), and in the sequential 
delivery experiments 40 mg plasmid was delivered first, followed by 40 mg 
siRNA 2 h later (1:300 molar ratio). The tissues were dissected, weighed and put 
in ice-cold reporter lysis buffer (Promega) in magnetic beads containing 2 ml 

15 tubes (Q-Biogene, Carlsbad, CA), 24 h after injection of the nanoplexes. Tissues 
were homogenized with a Fastprep FP120 magnetic homogenizer (Q-Biogene) 
and samples were assayed for reporter enzyme activity using the luciferase assay 
system (Promega) on a Monolight 2010 luminometer (Analytical Luminescence 
Laboratory). In the tumor growth inhibition studies, the experiment was started 

20 when the tumors became palpable at 7 days after inoculation of the tumor cells. 
Treatment consisted of 40 mg siRNA per mouse in RPP-nanoplexes every 3 days 
intravenously via the tail vein. Tumor growth was measured at regular intervals 
using a digital caliper by an observer blinded to treatment allocation. Each 
measurement consisted of tumor diameter in two directions of _90_ apart. Tumor 

25 volume was calculated as: 0.52 X longest diameter X shortest diameter 2 . 

At the end of the experiment, the animals were sacrificed and tumor tissue 
and surrounding skin was excised and put on a microscopy glass slide. Tissue 
examination for vascularization and angiogenesis was performed by microscopy 
using the Olympus microscope and camera equipment described above for 

30 fluorescent tissue measurements. Tissue was trans-illuminated to visualize blood 
vessels in the skin and a digital image was taken and stored as described above. 
Tissue was snap frozen immediately thereafter for western blotting. 

Tumor growth inhibition by siRNA RPP-nanoplexes. Mice were 
inoculated withN2A tumor cells and left untreated or treated every 3 days by tail 

54 



WO 2006/110813 PCT7US2006/013645 
vein injection with RPP-nanopIexes with siLacZ or siVEGF R2 at a dose of 40 
mg per mouse. Treatment was started at the time-point that the tumors became 
palpable (20 mm 3 ). Only VEGF R2-sequence-specific siRNA inhibited tumor 
growth, whereas treatment with LacZ siRNA did not affect tumor growth rate as 
5 compared with untreated controls (n = 5). 

Example 11. Ligand directed nanoparticle siRNA is potent anti-tumor agent 
validated in xenograft tumor model (renal carcinoma) 

The ligand directed siRNA nanoparticles were also tested in a mouse xenograft 
10 model with a renal carcinoma cell lines. The siRNA nanoparticles were 

manufactured with the same materials and same procedure, using the same route 
of delivery as that of Example 10. Five times of repeated deliveries with three 
day intervals using 2 mg/kg dosage were carried out with six animals per cohort. 
The significant tumor growth inhibition was observed. 

15 

Example 12. Ligand directed nanoparticle siRNA is potent anti-tumor agent 
validated in xenograft tumor model (colorectal carcinoma) 

Using siRNA nanoparticle targeting VEGFR2 gene, we further tested the 
antitumor efficacy in mouse xenograft model with a human colorectal carcinoma 

20 cell line, DLD-1. 

Material and Methods. Reagents: Avastin, monoclonal antibody against VEGF 
(25mg/ml, Genetech); siRNA against VEGFR2, sequence (Appendix 1); siRNA 
against luciferase (Qiagen); Avertin made of 1.5gram 2,2,2,Tribromoethanol and 
1.5ml t-amyl alcohol (Cat# T4840-2, Cat# 24048-6, Aldrich) in 100ml distill 

25 water, St. Louis, MO]. Mice: athymus female nude mice, 5 to 6 weeks old, were 
purchased from TACONIC 0 and housed conventionally. All investigations 
followed guidelines of the Committee on the Care of Laboratory Animals 
Resources, Commission of Life Sciences, National Research Council. The animal 
facility of Biomedical Research Institute in Rockville Maryland is fully accredited 

30 by the American Association of Laboratory Animal Care. Cells: Colon carcinoma 
cell line, DLD-1 (CCL-221, ATCC) was grown in RPMI 1640 medium with 2 
mM L-glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES, 
and 1.0 mM sodium pyruvate, 10% fetal bovine serum. 
Reagents 
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Avastin, monoclonal antibody against VEGF (25mg/ml, Genetech); 
siRNA against VEGFR2, sequence (Appendix 1); siRNA against luciferase 
(Qiagen); Avertin made of 1.5gram 2,2,2,Tribromoefhanol and 1.5ml t-amyl 
alcohol (Cat# T4840-2, Cat# 24048-6, Aldrich) in 100ml distill water, St. Louis, 
5 MO]. Mice: athymus female nude mice, 5 to 6 weeks old, were purchased from 
TACONIC () and housed conventionally. All investigations followed guidelines 
of the Committee on the Care of Laboratory Animals Resources, Commission of 
Life Sciences, National Research Council. The animal facility of Biomedical 
Research Institute in Rockville Maryland is fully accredited by the American 

1 0 Association of Laboratory Animal Care. Cells: Colon carcinoma cell line, DLD-1 
(CCL-221, ATCC) was grown in RPMI 1640 medium with 2 mM L-glutamine, 
1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES, and 1.0 mM sodium 
pyruvate, 10% fetal bovine serum. Procedure: 1) DLD-1 cells near confluence 
were harvested and resuspended in serum-free RPMI medium. 2) Mice were 

15 anaesthetized with Avertin, 0.4ml/mouse i.p. 3) 100 million cells in 0.1ml serum- 
free RPMI medium were injected into mice back s.c. on the left flank for 
establishment of xenograft tumor model. 4) 5 days after inoculation of tumor 
cells, sizes of growing tumors were measured with a caliper. Mice were then 
randomly grouped with 7 mice per group. Three different dosing regimen were 

20 applied: 1 mg/kg, 2 mg/kg and 4 mg/kg respectively. Although the high dose at 4 
mg/kg represented the strongest anti-tumor activity, there is no significant 
difference amount three treatment groups. Using a different comparison, it has 
been found that the high dose of the siRNA nanoparticle at 4mg/kg exhibited a 
stronger anti-tumor efficacy than that of 5 mg/kg Avastin treatment. 
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Table B 1-1 

human VEGF specific siRNA sequences (25 basepairs with blunt ends): 

VEGF-l, CCUGAUGAGAU CGAG U ACAU CU U CA 

VEGF-2,GAGUCCAACAUCACCAUGCAGAUUA 

VEGF-3, AGUCCAACAUCACCAUGCAGAUUAU 

VEGF-4, CCAACAUCACCAUGCAGAUUAUGCG 
VEGF-5, CACCAUGCAGAUUAUGCGGAUCAAA 
VEGF-6, GCACAUAGGAGAGAUGAGCUUCCUA 
VEGF-7, GAGAGAUGAGCUUCCUACAGCACAA 

5 Table B 1-3. human VEGFR1 specific siRNA sequences (25 basepairs with blunt 
ends): 

VEGFRl-l, CAAAGGACUUUAUACUUGUCGUGUA 
VEGFR1-2, CCCUCGCCGGAAGUUGUAUGGUUAA 
VEGFR1-3, CAUCACUCAGCGCAUGGCAAUAAUA 
VEGFR1-4, CCACCACUUUAGACUGUCAUGCUAA 
VEGFR1-5, CGGACAAGUCUAAUCUGGAGCUGAU 
VEGFR1-6, UGACCCACAUUGGCCACCAUCUGAA 
VEGFR1-7, GAGGGCCUCUGAUGGUGAUUGUUGA 
VEGFR1-8, CGAGCUCCGGCUUUCAGGAAGAUAA 
VEGFR1-9, CAAUCAAUGCCAUACUGACAGGAAA 
VEGFR1-10, GAAAGUAUUUCAGCUCCGAAGUUUA 



Table B 1-5. human VEGFR2 specific siRNA sequences (25 basepairs with blunt 
10 ends): 

VEGFR2-1, CCUCGGUCAUUUAUGUCUAUGUUCA 
VEGFR2-2, CAGAUCUCCAUUUAUUGCUUCUGUU 
VEGFR2-3, GACCAACAUGGAGUCGUGU ACAUUA 
VEGFR2-4, CCCUUGAGUCCAAUCACACAAUUAA 
VEGFR2-5, CCAUGUUCUUCUGGCUACUUCUUGU 
VEGFR2-6, UCAUUCAUAUUGGUCACCAUCUCAA 
VEGFR2-7, GAGUUCUUGGCAUCGCGAAAGUGUA 
VEGFR2-8, CAGCAGGAAUCAGUCAGUAUCUGCA 
VEGFR2-9, CAGUGGUAUGGUUCUUGCCUCAGAA 
VEGFR2-10, CCACACUGAGCUCUCCUCCUGUUUA 
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What is claimed is 

1 . A pharmaceutical composition comprising at least one nucleic acid 
agent and a pharmaceutically acceptable carrier, wherein said nucleic acid agent is 
capable of inducing RNA interference in a subject and inhibiting expression of a 
gene that enhances unwanted or inappropriate neovascularization in said subject. 

2. The compositions according to claim 1, wherein said nucleic acid agent 
is selected from either dsRNA or dsDNA. 

3. The composition according to claim 1, wherein said composition 
comprises at least two nucleic acid agent capable of inducing RNA interference in 
a subject and inhibiting expression of at least two genes that enhance unwanted or 
inappropriate neovascularization in said subject. 

4. The composition according to any of claims 1-4 wherein each gene 
is selected from the group consisting of genes enhancing neovasculaturization in 
the VEGF pathway, the EGF pathway, the FGF pathway, the HIF pathway, cell 
proliferation pathways, cell survival pathways, and combinations thereof. 

5. The composition according to any preceding claims wherein at 
least one nucleic acid agent comprises a double-stranded RNA molecule, wherein 
each RNA strand has a length of 25 nucleotides. 

6. The composition according to any preceding claim wherein said 
nucleic acid agent is an RNAi is targeted to a VEGF pathway gene selected from 
VEGF 165, VEGF Rl, VEGF R2. 

7. The composition according to claim 6, wherein one RNA strand 
(sense strand) has the sequence of: 

5'-r(CCUGAUGAGAUCGAGUACAUCUUCA)-3' and the other RNA 
strand (antisense strand) has the sequence of 

5 '-r(UGAAGAUGUACUCGAUCUCAUCAGG) -3 '. 
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8': The composition according to claim 6, wherein one RNA strand 

(sense strand) has the sequence of: 

5'-r(GAGAGAUGAGCUUCCUACAGCACAA)-3' and the other RNA 

strand (antisense strand) has the sequence of 

5' - r(UUGUGCUGUAGGAAGCUCAUCUCUC) -3'. 

9. The composition according to claim 1, wherein one RNA strand 
(sense strand) has the sequence of: 

5 '-r(CACAACAAAUGUGAAUGCAGACCAA)-3 ' and the other RNA 
strand (antisense strand) has the sequence of 

5'- r(UUGGUCUGCAUUCACAUUUGUUGUG) -3' 

1 0. The composition according to claim 1 , wherein said RNA 
interference results in a more than 75% reduction of human VEGF protein levels 
in siRNA transfected cells in said subject at 24 hours after siRNA treatment. 

1 1 . The composition according to claim 1 , wherein said RNA 
interference results in a more than 60% reduction of human VEGF protein levels 
in siRNA transfected cells in said subject at 120 hours after siRNA treatment. 

12. The composition according to claim 1, wherein said nucleic acid 
agent is a blunt ended double-stranded RNA molecule, wherein each RNA strand 
has a length of 25 nucleotides, wherein said RNA molecule (25 basepair siRNA) 
is capable of target-specific inhibiting expression of human VEGFR2 gene in 
mammalian cells or tissue. 

13. The composition according to claim 12, wherein one RNA strand 
(sense strand) has the sequence of: 

5'-r(CCUCUUCUGUAAGACACUCACAAUU)-3' and the other RNA 
strand (antisense strand) has the sequence of 

5 ' -r( AAUUGUGAGUGUCUUAC AGAAG AGG) -3'. 

14. The composition according to claim 12, wherein one RNA strand 
(sense strand) has the sequence of: 
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5'-f(CCCUUGAGUCCAAUCACACAAUUAA)-3' and the other RNA 
strand (antisense strand) has the sequence of 

5'- r(UUAAUUGUGUGAUUGGACUCAAGGG) -3'. 

1 5 . The composition according to claim 12, wherein one RNA strand 
(sense strand) has the sequence of: 

5'-r(CCAAGUGAUUGAAGCAGAUGCCUUTJ)-3' and the other RNA 
strand (antisense strand) has the sequence of 

5'- r(AAAGGCAUCUGCUUCAAUCACUUGG) -3' 

16. The composition according to claim 12, wherein the RNA 
interference results in a more than 75% reduction of human VEGFR2 protein 
levels in siRNA transfected cells at 24 hours after siRNA treatment. 

1 7. The composition according to claim 1 2, wherein the RNA 
interference results in a more than 60% reduction of human VEGFR2 protein 
levels in siRNA transfected cells at 120 hours after siRNA treatment. 

18. The composition according to claim 1 wherein said nucleic acid 
agent is a blunt ended double-stranded RNA molecule, wherein each RNA strand 
has a length of 25 nucleotides, wherein said RNA molecule (25 basepair siRNA) 
is capable of target-specific inhibiting expression of human VEGFR1 gene in 
mammalian cells. 

19. The composition according to claim 1 8, wherein one RNA strand 
(sense strand) has the sequence of: 

5'-r(GCCAACAUAUUCUACAGUGUUCUUA)-3' and the other RNA 
strand (antisense strand) has the sequence of 

5 ' -r(UAAGAACACUGUAGAAUAUGUUGGC) -3'. 

1 9. The composition according to claim 1 8, wherein one RNA strand 
(sense strand) has the sequence of: 

5'-r(CCCUCGCCGGAAGUUGUAUGGUUAA)-3' and the other RNA 
strand (antisense strand) has the sequence of 
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5 s - r(UUAACCAUACAACUUCCGGCGAGGG) -3 ' . 



20. The composition according to claim 1 8, wherein one RNA strand 
(sense strand) has the sequence of: 

5'-r(CCUCAAGAGCAAACGUGACUUAUUU)-3' and the other RNA 
strand (antisense strand) has the sequence of 

5'-r(AAAUAAGUCACGUUUGCUCUUGAGG) -3' 

2 1 . The composition according to any of claims 18-20, wherein the 
RNA interference results in a more than 75% reduction of VEGFR1 protein levels 
in siRNA transfected cells at 24 hours after siRNA treatment. 

22. The composition according to any of claims 1 8-20, wherein the 
RNA interference results in a more than 60% reduction of human VEGFR1 
protein levels in siRNA transfected cells at 120 hours after siRNA treatment. 

23. The composition according to claim 2, comprising at least three 25 
mer siRNA oligos, and wherein said oligos inhibit expression of hVEGF, 
hVEGFRl and hVEGFR2. 

24. The composition according to claim 2, comprising at least three 
siRNA oligos, and wherein said oligos inhibit expression of three genes selected 
from the group consisting of hVEGF, hEGF and hPDGF and their receptors. 

25. The composition according to claim 1 wherein said nucleic acid 
agent is a targeted synthetic vector. 

26. The composition according to claim 25, wherein said vector is 
targeted to tumor neovasculature. 

27. The composition according to claim 25, wherein said vector 
comprises a targeting peptide, a homobifunctional activated PEG linker, and a 
polyamine containing agent. 
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28. The composition according to claim 27 wherein said targeting 
peptide is an RGD peptide. 



29. The composition according to claim 28 wherein said vector is a 
self-assembling vector prepared from a homobifunctional activated PEG, an 
RGD-2C peptide, a polyamine containing agent, and a mixture of siRNA 
molecules. 

30. A composition according to any preceding claim, further 
comprising a non-nucleic acid therapeutic agent that inhibits the function of a 
gene pathway associated with unwanted or inappropriate neovascularization. 

3 1 . The composition according to claim 3 0, wherein said therapeutic 
agent is a monoclonal antibody. 

32. The composition according to claim 3 1 wherein said antibody 
binds to VEGF. 

33. A method of treating a disease associated with unwanted or 
inappropriate neovascularization in a subject, comprising administering to said 
subject a composition according to any preceding claim. 

34. A method of treating a disease associated with unwanted or 
inappropriate neovascularization in a subject, comprising administering to said 
subject a composition according to any of claims 1-29 in combination with a non- 
nucleic acid therapeutic agent that inhibits the function of a gene pathway 
associated with unwanted or inappropriate neovascularization. 

35. The method according to claim 34, wherein said therapeutic agent 
is a monoclonal antibody. 

36. The method according to claim 35 wherein said antibody binds to 

VEGF. 
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37. The method according to claim 33 or 34, wherein said 
neovascularization is in tumor tissue, ocular compartments, or joint tissue. 
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Figure 3. Human VEGFR2-siRNA nanoparticle targeling neovasculalure through 
systemic delivery demonstrated potent efficacy in colon carcinoma xenograft mouse 
model (DLO-1 tumor) after four repeated administrations every three days. 

id CD31 expression 



IFN o Level in Blood Serum (24 hr after 2"« delivery) 



| 0.80 
O 0.60 



□ 500pg/ml 
m 200pg/ml 

□ 100pg/ml 

□ 50pg/ml 
■ 25pg/ml 

□ 12.5pg/ml 



In 



n—rr r-frrt] 



Control 
sIRNA 
TargeTran 



Avastin 
VEGFR2 
siRNA 



Figure 4. While human VEGFR2-siRNA nsnoparticle targeting neovasculature throu 
systemic delivery demonstrated potent efficacy in colon carcinoma xenograft mouse 
model (DLD-1 tumor), no significant IFN-o induction observed in the mouse blood strea 
24 hours after the Z M delivery. 
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Figure 5. Human VEGF-siRNA (19 base pair with 3'end overhangs) is effective for silencing 
hVEGF express on in v tro and in vivo, a', both mRNA level and protein level, evaluated by RT- 
PCR and ELISA. Two upper Sgures demonstrated significant hVEGF knockdown at both mRNA 
and protein levels. The lower panel shows the anti-tumor activity of siRNA-mediated hVEGF 
knockdown in a MCF-7/VEGF1 65 cell Induced xenograft model, where the hVEGF expression 
was significantly down regulated in the tumor tissue. 
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Figure 6. Human VEGF-siRNA (19 base pair with 3'end overhangs) is effective for 
silencing hVEGF expression n i i ull in tun rowth inl i HNSCC 1483 
cell). Five times repeated intratumoral delivery with electroporation enhancement with 
7 day interval. 
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Figure 9. Human VEGFR1-siRNA (25 base pair blunt end) is effective 
for silencing hVEGFRI expression in vitro after 48 hr. 





III 


1 1 


H 1 N 



//// 



/ / / / 



Figure 10. Human VEGFR1-siRNA (25 base pair blunt end) is effective 
for silencing hVEGFRI expression in vitro after 72 hr. 
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Figure 12. Human VEGF-siRNA (25 base pair blunt end) is effective for 
silencing hVEGF expression in vivo resulting in tumor growth inhibition, with 
a MDA-MB-435 breast carcinoma cell line. 
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Figure 21 . siRNA cocktail targeting VEGF, VEGFR1 and VEGFR2 demonstrates very 
effective anti-angiogenesis activity in the retinopathy of prematural (ROP) mouse model 
induced by Hypoxia. 




WO 2006/110813 



PCT7US2006/013645 



Polymer Mature dsRNA Mixture 




\" Mixing 


. ' . y O p : 




^ ' % 




Ligand ► 1 






Figure 23. Self-assembled nanoparflcleforsiRNAde 
conjugate mixture is mixed with the siRNA mixture, the 
relatively homogenous size. 
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Figure 26. VEGFR2-siRNA nanoparticle targeting neovasculature demonstrated 
potent efficacy in renal carcinoma xenograft mcuse model (786-0 tumor) after five 
repeated administrations every three days. 
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